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wvm*<o*mi 

1. BB?lJ#-i§-102, 107, 130, 132, 179, 181, 183, 184, 185, 186, 187*Ji^l 

2. Wim*? U7- tf#ffi?lJ##101, 106, 129, 131, 178, 180*5^0=182^9 
l/7-f. 

3. U7- E3WH01, 106, 129, 131, 137 

, 140, 141, 142, 143, 144, 145, 147, 150, 151, 153, 155, 156, 157, 158 
, 161, 163, 178, 180*Jj;t;i82J:9*a#*»fea«**t*^^U*f-KE5!l 
t &-^^3DNA£^W1-Sig&X.DNA^*- <> 

5. ffl!E1t±i&lfl&#*ll§« (Escherichia coli)jSM&-C*>3, tt*«4 Kffi«£>fg 

6. t'ciny*^ • V— if ^ (Pyrococcus woesii)FEN-l^^ Ki* UT— tf, * 
^ / = . ^^-t^df^f (Methanococcus jannaschii)FEN-l3i^ KJ* ^ W 
T— If, ^^//^TD^A • x/W**— h ho7^*A(Methanobacteriuni. 
thermoautotrophicuaOFEN-l^V ^ UT— tf, T—trHrifv?* ■ 

^'^ (Archaeoglobus fulgidus^EN-l&iU^ ^FEN-l^V * UT—if <fc 
t) 46»!i»feaWSixS» »MS*lfcFEN-lac>' * W-if„ 

7. Mta^^K^^ UT— e^38.7^ny;whV<D^*5rto, fjMt*6IC 

8. E?IJ#-5H08, 109, 112, 113, 116-119, 170, 171, 172*5 itfTOJ; 9 ft 5 

5, FEN-laiyK** W— if K-T5M£*t;fc^y * V*? 1 K. 

9 . ii?J!E^> K* if 1/7- t?£ =>- KrSfflnEtf - 9 9 K^SST'n* 
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11. irlBSI^n*— ^— j4U-P L ^n^~ tac:/n^— trp^n*- 
-*-fc±tftrc^n*-*-£9fe5»i6»fejWl$;|i5 v »**10KB«© 

12. BB?lj#-5§-108, 109, 112, 113, 116-119, 170, 171, 172*3 <fctW3<fc 9 &5 

13. H«tJjll2fctBit©«**.'<* *-T^fME&£;rvfc}f 

14. Bffia#±iBiJI&^*J©SI (Escherichia coli)*MST*&5, »*9l3lCffi®©1t 

15. iKj38.7^ny/W h ^filtofnay^^ • tf^f (Pyrococcus wo 
esii)FEN-l3iV W^V7-«a- K-f5»e^ Sr^-C*5*»l$Hfc^ 

16. t°n 3 • t> — ^ (Pyrococcus woesiOFEN-l^V V%9 isT—H&a 

18. itftfEP^/n^-^-riU-P^n^-^-, tac^n*- trp^n* 
-^-*5i^trc7 P n^~^-it)^S»^P>^$tb5, ffl|#gl7fcB*0> 

19. jj§38.7^a^/W h>-©#^i£fcot 0 n:3 • ^— if (Pyrococcus wo 
esii)FEN-l^^ Vf. 9 UT~tf£=>- K1"5? i> KSS?'J€rWi"5DN A 

20. »*ii9»!:e«©»**.'<^ ?--?Bwm&£titcfe±mj&. 

21. flrE1&^flSa s *fl§38 (Escherichia coli) f»**20(C|HifeO?g 
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22. i)»g!$ixfcFEN-l^^K^^UT-^^f>/<C5^10«^^»^^^T 
-if, joitfii) ^Offi^^W^WT-if, «r&A/?*5S6#. 

23. SJfSffi 2 ^>«5i*!pftW^ ^ ^7— if^t°nny^7^ • fir— tf-f (Pyrococcus 
woesii)FEN-l^ V K3* * 1^7- if x b'nn yil'X • 7 U isMf* (Pyrococcus fu 
riosus)FEN-h ^ * J a • ^ (Methanococcus jannaschii)FE 
N-l^^K;*^ 1/7- if. ^^/^r9!>A' 7vwe;t— h l> n :7 ^ # i*(Me 
thanobacterium thermoautotrophicum)FEN-l^.> $ U'T— if N 7— 
u-f* • (Archaeoglobus fulgidus)FEN-l*5 ±tf yFEN-1^^ K 

24. MIB^^HfcFEN-l^V K*^ W—tfj^lfP a • fir— i?>f (Pyroco 
ecus woesii)FEN-l^^ K*^ U7— if, tfpay*^ • 7 V (Pyrococc 
us furiosus)FEN-K 2 $ J 3 * v^^^^M" (Methanococcus jannasch 
ii)FEN-l^>-K^^^T-^> fir A • x/we*- hhn7^^/ 
A (Methanobacterium thermoautotrophicum)FEN-l^i v K>t 9 VT—^i^ 7 — 
*r*?w?* • y/l/^r^^ (Archaeoglobus fulgidus)FEN-l^> * U7— 
if *> itf*^ 5FEN-l3i^ K5C * KT-if £ 9 fc5#a»&a#*;h,S* »*^2 
2(C|B«OS^o 

25. BtliaB2 0^^UT-if^ x jf^SDNAJKy ^7^©DNA^ffitt± 
Offi«LfcDNA^*fl&tt«r«-*-39S, IfiSDNA^y^ y-if tf>5' * * t/7 

-if ah± <t mwmcm C5 1 * * wr-if ts&z&w-r z &i\ctz; msm# 

8c«*ixfc»IKlttDNA*!J ^-^feftfefras'** W7-if-Cfc5, If 



26. fulfil 2 ©2 ^ iyT-WCleavase®BN®^. :rJl/ AX • 7 £ T-r * ii Ml 

herrausaquaticus)DNA7KU * y— if> ■ TVl^ 7 4 }V7« (Thennus 

thermophilus)DNA*K!M7-if, *»1S (Escherichia coli)Exo III, }3<k 
U*1J-y;*7U ^i?;* • Wfc*i/^(Saccharomyces cerevisiae)RadlRadlO|I'n k ft 

27. M^It^^-C&ot, 
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ii) $S£SR> 
Sr/B&U 

b) wiBSft^ i &±<DMmmw*tem-zm^T^mmmm'$.z9m 

U ^LT 

28. iWKfllS^ftfcFEN-l^:/ K** U-7— t?#fc*n =i • ?— tf-f (Pyroco 

ecus woesii)FEN-l^i-' K5t ^ 1/7— t°o a j/ * * • 7U ^"^^ (Pyrococc 
us furiosus)FEN-l3i V * l/7-g, ^/a^' v 5 ^"^^.^ >f (Meth 
anococcus jannaschiOFEN-l^i^ ^ 1/7- if , ^?//^f iJ^A - tvW 
^e^"— h hn7/f^A (Methane-bacterium thermoautotrophicunOFEN-l^V K 
l/T— 7— {nJ-^n^* • yfV^ffT, (Archaeoglobus fulgidus)FEN- 
las/ K* * l/7~t?*5 7FEN-1J1 y K*;? 1/7— € i 9 
iR**i5, »*B27l!:B«l©*ft 0 

fMDN AjK y ;< 5— 1?©5' % 9 U7~ tfffitti HRWtCP C5' 5* 

* i/T— l?flHtSr»*H-5 i 5 K7 $ /*Ba?!l^*aE*ixfciH«ttDN AaKy 

»#3g27KIE*&©#2fc. 

30. WI3^2©^^ 1/7— if©7$y^gB?!l<D-gP^, X/VA^.(Themius)jacr) 

31. tfj|eiS?fi*(ia^X/I/A^ • 7^77 i -i'*^(TheriDUS aquaticus), 7VI/.A* 

• 7 ?./-<;* (Thermus flavus)*3 iUtx/VAX • -< /I/.X (Thermus therm 

ophiius) x <o ft*#*»e>a«**t5, »**30fcaa«©*«fe. 



32. H5f2«aS#Hfi<j3? ^ 1/7— fe>'Cleavase®BN3 * l/7-4r*T?*Ss ft 5fcl§31 



-5- 



34. HtfEiK^5RNA*3iU!DNAJ:t3/j:Si¥^e>3l*?$tlS, »*«27li|E« 

36. xy-yj'Odvfiiimtimfc. 

37. miz&&z> k-?$im-*mmwizmwmz-*mt-}-z, mxmmm 

39. mmztutm-tzzm-eh^r, 

ii) ttflUHf* 

b) W1BKKS«S:#S-C&« U-CIWaaat«r*K«Jl!:-*«l t ft U 

c) HtJfe-*$SfCas 1 «±©H«flBa#*»*r *^T-ClWIBM«*fi 

d) MrCN8^S«rMIBMS!«Kfi#2:S^$«-C 1 &±oRSX4b«:^$ 

e) |&ei«±©W8!»*«:*ffl-*-5» 

40. HtrlEifilia^^fcFEN-l^V 9 UT—M&K'v => • (Pyroco 
ecus woesii)FEN-l^V K*^ W~ t?, t°n 3 • 7 >J ^->J-X (Pyrococc 
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us furiosus)FEN-l^VK^^ U7-if, * 9 J • (Meth 

anococcus jannaschii)FEN-l3i V h'Z9 > 9 S W? V 7 J* ' 

^■d" — h I- O 7 -< * A (Methanobacterium thermoautotrophicumjFEN-l^i^ K 



Z-tUT— if, 7— T^^n 7"* • ^^^(Archaeoglobus fulgidus)FEN- 



42. hoIB^ 2 cd? £ U7-~fefri<Cleavase®BN®^ y-)l>J*7* ■ T 9 T 4 ii X(T 

hermusaquaticus) DNAjK !J p< 9—" tf» • r/W?^;^ (Thermus 

thermophilus)DNAJKy ^ 7— £, ^CliK (Escherichia coli)Exo III, 
t^f"S'*n$-fe^ • ir Ut*->^(Saccharomy cescerevisiae^adl/RadlOffi-g-ft: 

43. SWB*2©^^W-r— W^MDNAJKy^?— if<£>DNA-£-J&?gt£<fc 
9fiKLfcDNA^j8Stt*:ij*1-a*, IfMDNA^U 5— ifc05' 1/7 
— tffStti HjCtttcHu C5' 7 * i/7Hf ffittSrtSJf -r 5 <fc 5 SCT 5 j wmw 

44. Jltie«»*»RNA*iJ:tJ t DNAj:»J4*»*»fe3M5*ih,<5, W*939lvlia«g 

45. ^fy^{eOOWIiWW5l«n?*8, it*«44lcE«<D*fc 

46. m8t98M*cy h-efeoT, 

a) »»SnfcFEN-l3i>'K5C^l'T.— tfSr^tHB**, *5£tf 

b) Ty^yS^ttsm 

47. WIEffiiS£i"UfcFEN-lJi^ * UT— tfflSf n 17— tf-Y (Pyroco 
ecus woesii)FEN-lai^ K55^ I/T— if, t°n 3y*^-7p ^1?-^ (Pyrococc 
us furiosus)FEN-l^V U-T— tf, ^-9 J^viiT. • \?\-T**'( (Meth 
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anococcus jaiuiaschiOFEN-lJ^ K** *9 JWr9<*J** XA' 

^e^~— h Fo7>f (Methanobacterium thermoautotrophicum)FEN-l^-^ K 
?^l/7- if. T*-tr$r?*7* ■ 7/^^* (Archaeoglobus fulgidus)FEN- 



49. tBtiB!&2 0XtrysT*-i£iK »£§fDNA#y ^5^©DNA^jjffitti 
9te»bfcDNA^JSttSr*-r3» v *flfeaDNAaK!> ^ 

-ifffitti: C5' * * UT-*flHfc*r«»r 6 ± 5 KT 5 y KE^ia* 

50. WIB» 2 ^ l"T—1f<DT $ 7 HEW^-W, (Thermus) JSc£> 

51. SiJ|Bffi?a)telS^T-/WA^ • 7 ZT'T (Thermus aquaticush "r^KT, 

• 7 7/^^ (Thermus flavusJ&JcT^'r/W^ • 7Vl^ 7 4 (Thermus therm 
ophilus)i9*5#*>5>31WSna, »*«50fcia*O*y ho 

52. *(«M8^***m+5»ai«r*fefc#tr, »#«48KE*o*y h 0 
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3§W©Kf* 

r#p^9— WMW06J (PCR)H«-1W©WWt«36r»fHttf. 



J&J (LCR), Hr/K7if*r^>K^t^(Self-Sustained Synthetic Reac 
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tion)j (3SR/NASBA)*3W fQp-ls7VJ}—V} (Q 0 )tfS-££ft5o 
#!)^7-fl«(PCR) 

#!)^7 — Vmm&.& (PCRia^ Mull i sio i tfMul lis b <Dfcm¥fff%H, 683, 
195^*5 .fctflfH, 683, 202# (Z.tlL><DMmft%*&% t UT i i idffi^AtbS ) 

ga^jai^BaMi^-rsioror^a-^^iitt-rs. pcri*. t^a^K 

^WBB^JO^^^O^lcffi^^^/ioaiiJfiro 2 oot y * ftff- 
£-fr3 0 'M^y y K»*©*» »^9-fT-«r# 9 *9~ tfTWll 

0«fcJ:0*££*V Lfc^ot, r©S$ttS!l«lBrtB^9^-^-T-feS. 

, ^rttfctt rpcR«i|>|§tvfcj t#fc>tl5o 
y^— €«»S^(LCR*fc«LAR) 

y^f— tfilPKJ&aCR ;Barany, Proc. Natl. Acad. Sci. , 88:189(1991); 
Barany, PCR Methods and Applic. , 1:5(1991)*J iOTufe iOTallace, Genomic 
s 4:560(1989) fcffittSttT^S * 9 tf-WSItRJ&i (LAR)ift$n5rt 
±<W»$Jifct>5 lo©«»i«*«fe^i:*SLrv>5. LCR 



m&t* 2 {B©»&* y 9 v**? Ki , gat*©* t w ^ y s> rbwh- 

SB&Ji-y =rjt^u*^-Ko**ltt*y M*»&U dna!>#— tf&RB^ 
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KWb-tv h s ;rt t&s 0 mmftztte. LCRm 
y 7*?mM&K < 2 mo? o - y roia^j t &g#-£"t- 5 ^-i- 

if A-fclfe D £ J: 3 . g^DNAt^^ y himi&Zin&o *fc 
, ^-^S^bO^W^rii^-t-Sfc*!^ LCRttPCRiifi^fcHtTteffl;* 
*VC^5 (Segev, P CTB^£B3W009001069-i§-Al (1990)). LfrLte&b, Z<D 
7yt'fPtfflt5 4iO^!J Ktt#»J*UC 2«©«V*SIS*ri8 

•fe/V^-IJ-^X^ V K-g-f££j£ ( 3 S R/N A S B A) 

•fe/U7-^^.7 1 'l'V K6E?lJSSSiSJS(3 SRXGuatellit., Proc. Natl. Acad. 
Sci., 87: 1874-1878 [1990], *3iWroc. Natl. Acad. Sci. , 87: 7797 [1990] <D 
EfS*)f±, -«aUfCRNABW«r»*H»«lKJi***5ri:*s-et5, £ 
^(cS-5<in vitrolfi|S*-efc?>(Kwokf5, Proc. Natl. Acad. Sci., 86:1173-1 
177[1989]) 0 OVv?, H*§ilfcRNA«:««aE«ftWl!^lfflT?t*<Fahyb, P 
CR Meth. Appl., 1:25-33[1991])„ H<keDfc5SE5IJ<D 5* *4S(C 

77-> f RNA#!) ^7- tfyo*— ^-fcttflq-t-afcj&i;:, :*-y =?^^w-^ 
rn ajk y y 5—^*5 ±tf y jR-*j«ty«7*** fi> * m-* K=y 

3SR<73ffiffltt, /hSftDNAir^l'Mflk 2 0 0~3 0 Oi&g*f)<£»;** y 



Q--<-^(Q3)wyy #— tf 
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Ay^ia»)fiia(3 7t)ffTb*itntf!fe?)«v\ n©fc«\ lcrci 

mm&WL<n>* (fife© i?i"Ct>&v ©S!!»*»*»mi-4 ©KflWBT t 5. 

eat©* i u:f*> ««©±^8»»wjfc-e#fflfc*©fc»©3* u^oi>> 

<o*»&B*U ±»Jt*^**V?n<OlB**ffil^5(Landgren, Trends in 
Genetics 9: 199[1993] fc#M$ttfc U)„ 

r ttCi5t>©T*fo5„ 3 SR/NASBAtJiUtQ^^ll-t^T^ft©^^ 

*s^yA<fifcwr5»rflBtt#*<*a. ^tv&©a*fcj;*), pcr 
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Mullis, -PCR Methods Applic. , 1:1[1991])„ £#JDN A©#=« M— IMfi. V * 9 

~eaMHfij6©#?--f * a-t-#M t ur^Jffl SftSft £> , l o o %t? 

fc3„ PCRS:2 OlM^/HTxtf. iR*B:til»*St© 2 20 , -fftfrfe 1 , 0 4 
8,576^f-iM 0 SJC&*^I- i 9 8 5%* ■flfefr-f* ft b , 

0^^/WiR*HLtiHBftK©to-f*»l. 8 5 2< \ t^*>2 2 0,5 1 3 
^ t°- 1 ft 5. ~t"ft 8 5 %©aft'fi : 5 P C R{4, 10 0 %(D%s^X'fi 5 

RlSfcit^Ttoi**^ l%©««ftfeJ«*S:#^.5fci-frftV\ ¥W« ! 5 0% 
*-Cftfc£l>Lfc5J£l*, BTtlft^«l©l%**U^^ftV\ 

ftft<, ffl^2 OiM*/i^±<£PCR£tfoTffii|Xft£*t5o SI£«H-R:2 0 



41M*A<&K-efc9. ±9fia*t?H:» &£ftiM*/H£«ffiftHft*>©ift 



*B±fc w f£ $ tltc D N A ) K i -5 KJ(S©J5Sfe* tt^H^Jfe t> * f 

t> » ^-f r t # h S. *ft©ft«tt#[U{SS8 i 1Mb© «r*tf £ ©#)£©fflit 

U^-f" K3B59&4£ffl-f SfcfttC LCR feftSfb Lftrj-tbtf* fe*V»fc«>, LCR 

»J:A/i*J&:v\Ml— u*^Kte*L;6>;feV>E^IH©«BUfc-£tf. PCRtc 
«Sfc©IBfcia#'e-*SjS)5»g-|CB:DNA««r'&J*-t-5©i^Taq#!; > ?— tf-Ctt 

wok?>, Nucl. Acids Res. , 18: 999 [1990]). 

*l5'(Barany, PCR Meth. Applic. , 1:5[1991]), V^f ^©l&tt-g-fc^itftfiy # 
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9 u-^-f- K£l^3t^£fc#KPCRKoV^LCR£i&^*>-fr5^ 1 1>, 
II. ££fttti&ff 

-£■^•5 (tfRtf P C R*J it/L C R<d^<£> i 5 1-) - 1 #< -togfl^J&ttg^ 

±$*i 5 £ tTV>§ 0 MM"* y y^P-yKJfc (Cycling Probe R 

eaction)j (CPR)*)^ (Branched) DNAJ (bDNA)C2W#lf ?) 

■9-4 9 V 7*RjcS(CPR)(Duck?), BioTech., 9: 142 [1990]) IS, <P 

*»!»SRNA i ►) * <0 W^DNAit) ifeS*^** 7^y f** K£ 

ami-*-*. ^^p-^gteDNAt/^yy y kjiws** w*mv*x9y 

*y xijiif^is-f- KcDRNA&sm, f-^^v-SMSfc,}; t)il«H5 S y i' 
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Urdeab, Gene 61:253-264(1987)iC|E«£ftT^5##DNA(bDNA)te, 

<D?j~ y 9 vmti^tiiz. 3 5 ~ 4 o rn^mm (W, r/v* y * * 

4>ft<-f5o PCR (DNA^y ^7— ^^W*(ftW2 0<75^-y ^JC^ 

dna#!) 7! ?— iftftfy dyifu** KIB©**K*#*®B (^^ K 
, l c r r^v * * * p * k#iv mciw joss- $ ttft tf 
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w&££ftfcDNA#y *y— tf (-f&;b*> r^Sj DNA*y^5-f) 

£3- K1-5DNASE?iJ&£"£1-5o ^rcOa- K{t:£;ftfcDN A# V * y—Vt* 
^DNAiKP^y -if <D&&m& t It® UTiST Lfc-£$EH4£^-r <fc 5 fc» 
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hermus aquqticush *r;VJ*7, • 7 7^^(Thermus flavusJdoiCK'r^A^ • if 
— *7 W /W* (Thennus thermophilus) &"£tf>$S - ftklcKkftVyvWA;*. (Therm 

us)a<o35*w<!J * 9— tf«>feit«snfcaaE*p * 7— *> 

— tf©ffiffli£|«P>&V\> FEN-U Mms£mPG9 7X<DX9l'T— £)&»&©iH*l 

a)fti©$c«<, m2<omm. m3om®is±v%4(Dm®zGi-z 
mmmwMttzu k»i ©**««*» 2 ©**©T*fcBi«u ®Eft2©$M£ 

ttK«3 ©**©Tttlc»»U K«3 ©«*tt«»4©«l«OT«EK|l»L-C 
^•5) ; b)0ffitt^©ttft4©«tt£tttttt&ftl©:*-9 =f^^ K ; c) 

5' gP^*3 < t^3' »^Sr*i-5*2©*y rf^^V^-K(fc«U ft2©:t 
y =f 5t * K©K 5 ' fff&ftff ftttifc© ft 2 ©Wfilctttttt&BMtr&*, 
ft 2 y * K© 3 ' S&#t±Stt^S£©ft 3 ©flMfcHttftttEft* 
frtr) ; ft fettled) 5' aj^jsiWS' H»**1-5»3©*y=f3K^U'*^K< 
fcfc* L, ft 3 ©* y * K©K 5 ' ^ttfiltt^KOft 1 O&fflCfttii 

mtmmzt*. ft 3 ©*- y * u-^-f- k© 3 • g&#»i«w«K©ft 2 

i^T, SW#t»©ft 1 ©IWfctt, ll~505(^V'3i-7 v K©S§Sr : t-t-5. B'J©*iS 
ftSHc*svvc\ «M4Mtt©J|2©«tKtt 1 ~ 3 x 9 v*<? K©g$«r*rt- 



-18- 



a. m<Dmvmmz#^x, ««i«»©»3«>««tt6~9 3c^^^K©fi* 

tt»*R:J:o-CR«*nftv\ £*i,fe©*!J=***u**-Klctt, dna, rna, pn 

^(universal bases), #*P#3(adduct)^i'^*^S„ $ 5>lC. »1 , ^2 
, ^3*5iU t B4©^-y^^^f L K©rt©io»±*S3' *ig{C*JV>-C^f f 

-cfctv, 

-hie©* 5 xmwte&MmT-vmm&mmz 9 ut~i?©«ms*:&£1-3 

^f-<o#*Eft*Wi-5*jfe*fittU» fiCfrSstt, a)i) ii) ««J&» 

» 1 MftttJB 2fWfcP« LT*©T*fcH!fc« U £ 2 ig«(4£ 3«*tcg!£& L 

) , iii) MMWR«>JR4iW(cWtN4:Jll4'y rf**i'**-K, iv) 5' U 
ftkXnft&ho%2*}) dtxfiirtt-Y (fcfc'U f2t!) U** K© 
5' §R^«S««^©B 2 «*fcffi*l«i*B»ll«r£*, * 2 * V =r* 9 K© 

«ll$i£ge©& 1 «*K*««l*BWSr**, f& 3 =** * K©3' 

KSrS^-f 5 - 1 1- J: '9 > fl^M^^W K#*tt«il©» 4 mm^T = 
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KttDNA^tfc 

* V-T— tf#g2?iJ#^l-3, 9, 10, 12, 2U 30, 31, 101, 106, 110, 114, 129 
, 131, 132, 137, 140, 141, 142, 143, 144, 145, 147, 150, 151, 153, 155, 
156, 157, 158, 161, 163, 178, 180*5 £#182.}; <0 &5i¥^?>3iiR$*uSDN A 

ffi<D#£ U^JSflUf-t'te, W#M£<Dfl|if!&#|l$* * W7H? #FEN-1/RAD2/X 

«iglft#g#J* 9 lsT-Utt** 7% 9 W~£-Cfe5. 

tt©#*U*3teK«K"CH:» Hi, l!2*Jj;t)!l3t!)^^utf K©lo 
SLLjJS* ©3' sldilci^***^ * utf-^ K£"£tr„ S/J* 9 is** 

W*9=^5«^u*^K&fflv^5»&, «ttM§M^©&ffltt#*L<fi, a)# 

*> kh y 'pft<bhi^onmx9\s*?-vtfftm#)fflMm®M' 
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T^?^W^h7V^7x7-f (TdT) JiiT^jKy A#yp<7- 

-e«fc 9 fc5»a>e>siR£*v5. ^wxe-eT d T*fcf*#y A#y e srjs 
auoaiMW&iisvvr, ^awwas^ro^wtt, a)#mftffl®mvo&mm& 

< 1 1> 1 o<z>* 9 u** K#*HRttH£!£<lfe«>3' -t Kn^i/A^UcWJpSftr 
, 3(di^(toiled)INSWIB«^ftfe^5J: SftiMtT-e-f J^**'*- h L- 

y^7i7-f (TdT) *Jitf#!>A#!Jp«7-*J:9*6»*»63Ml**l* 
o &WIgT'TdT*fcf*#y A#y ;*?-i?£ffl^5#£-f*, ^2^-y^^ 

t, «*©aa*5*5i5«aiii*asMif»*-c*pe>iiTv^5. 5" mmmm 

/UtUt^V, Cy375^ K Cy 575^ h&WJ ~ftflS 
lftttii-.6;frifc*ii«U a)i) BH&K* ii) «AIj«IMR (fc«U 



-21- 



) , iii) s'U9tbZ'U&*%ifii*ymt\'*<?-Y (fcfc'U 

5? * K©5' g|S#l4«ll$&S£©!S 2«tffcftM«jfcK5l|fc£*, $ 1 *V =* 

~15?^ w^"^ KO* $ £W Ld>o5* fid 1 1 3' S5£* t>o IB 2 * V dty. 9 

f- k (fc fc u %2 van- ntt\-m$im&v>'% 1 %m&mm 
tmm^^ %2*v=t*? u*?- k©3* uftKmfommvgi 2 

4< fct>3*9^!WB«ia»K:r=-y v^U * LTJ& 2 * 0 =* X * V**- K© 
i t>5 , »^««j«*l!:7'=-5 J^LTMR*Hi*tr»*U SMS* 

* UT-if-Cfc 9 , »* t < ttilflMSOflHgttjItt* * u-r— tf-efca 

o 

14, *WS^»2«fe6U~5**u*^K©*S*^3. te©#*U** 
JfeffiSI-CH:, ^l*3i^2^-y^^^ u^f 1 K© 1 o£A±^^rro3' *SS(C 1 fi 

*-Kfeflv*a»£\ ^l$MSS^©fcffif4#*L<f4, a)#«li$Mg»£iS 

y * 7 — tf*5 i tfi^t < h t> i a©«a^ * kh y t * 

Id, < t h 1 o©^f®^ * Ktf&RftNS&ilfe©? - 1 Kn dfi/^S 

-m *t"Cb)*w*nfc#wttBisa«©#ft*ttHir*r *«rs^-e*5 

. *!§Wi4fflV>5^M*fe^tt#yp ( 7-^©tt»{-«toT$!l^§^<CV\ -H 

5^7iM (TdT) »£tJWPA4<yy?— -tfJ:0ttS8a>&9ft£*i 
5. WHISHT dTSfcttJi«!> A* y tffcfflV* 
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n 1*5' itdmiottKic * o -OMR* «iT, a* ©as a? s 

»J©H*«WK:*sv^-C, ^ftHSffifto&ffitt. a)3ttiW«M^££i®# 

y y 5—^*3 J: t^>* < 1 1> 1 «©* ? k= y t />& 

< 1 1> 1 o©* * v*=f- K*WH»©3'-t Kn ^i^SKttJpSftT 
, *^Mtailed)#»ttHSS*&3u*r5J: 5 a^TrM" FL 

^7"t? (TdT) *Jj:tM*!J A^y — t?J:9 45ftD>t.W{Sil8. tftw 

o 

#3SU!(4, ia?lJ#-^-102, 107, 130, 132, 179, 181, 183, 184, 185, 186, 187 
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ft* 9 1/7- tf£tiffc1-5o 9J©£*tt*fc*i^T, t?tt, ea?nj## 

101, 106, 129, 131, 178, 180*5 «t 1/182^ P>/f SSSJ; 0 Sft£;h,5DNA8I5IJfc: X 

#3B9ll:££/c, BBMS-^-101, 106, 129, 131, 137, 140, 141, 142, 143, 144 
, 145, 147, 150, 151, 153, 155, 156, 157, 158, 161, 163, 178, 180*3 .fctfl 

82*>fcfts*j: ?)mw.£tiz>mm®&thx9 ur— tf^=- ki-s** i/*^k 

T, *38Wtt, U'T—gfca-KU E$l**101. 106, 129, 1 

31, 178, l8033j;m82*»b««*J:93WlS^S5t^u*^KlBJ!|SrDtttS:Wr 

*»m4, ffiM$nfcFEN-ia>- k^^u-t— v%mmi-z><, -mtmmca 

<^T, f n 3 y • (pyrococcus wocsei)FEN-liy ? 

—• £ -4* FEN-l;t -y * 1/7- Iff*, ^*^38. 7^n^U h^-CfcS (^4 
IS, ^ffi#j28lcE*«SDS-PAGE£ffl^TSS*£T-£3 0 ) 

^J#^ii6~ii9^fc*5»«t9sw*tb5^y ^^t/^KiB^jt/^^y y 
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1/7- Kt5I^W:t!) =^5?^ KSr^tf»^x.D 

FEN-l* V K5? * U7— tf£r = - K1"3*^ttft«7'n*--*--*ft s ll>»riB 
#3&Wf4$ e>m, FEN-ia^K** U'T— KtNS** w*^KE?B*r 

fl-T5DNA>Sr^tf'«amx.DNA-<^ ^-fctlifc-TSo 1 OCD# £ U^£1S*«K:*S^ 
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FEN-laiVK5t^UT-^«rJ6»1-5. iifi&x.DNA^ <9 

8. 7+oy;P hVOt'n a y%?, • t?-f FEN-l^V KJ?^ I/T- t?& = — K"f 
5* * Kej*J£W1-SDNA££tf&&;tDNA^ *--CJBI0E»S;ll5. * 

38WHt. «ffl*ii5S*iNllS©ttfH!:J:!)Hl3e**v4v\ S&#ffK*i^"C, Pw 

**fco«jE«iM*»b#fe*ia. mm*. ^9&mmc&^x. fen-i^k 

1/7 — Archaeoglobus fulgidusjo itWJethanobacterium thermoautot 

^*«r«S1"5«I«aci: L-T, jafc«28fcfE*$;ivO*$ i 5 (CSDS-PAGESrfU 

^3§KI3:jLl£% Archaeoglobus fulgidus& iO^ethanobacterium thermoautot 
rophicum FEN-l^ K** W-~tf£r=J- Kt5*i^fct!i y tff- K 

7U 172, *iJ:W73i&»€>**WJ; VmtfUZXV y*f- YUn<D'pti< t 

ioV^Tx Archaeoglobus fulgidusSoitAtethanobacterium thermoautotrophicum 
FEN-laiVK^^^r— ^€r = - K-rS^-y =^5* * l^f" Ktt> li^nt-^ 
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t>5 100»S LVjafcJ&&fc*5V>-C, #f§WM:> Archaeoglobus fulgidus* 
fcliMethanobacterium thennoautotrophicum FEN-l^^ K3*£ UT— tf&a — K 

. fcfc*u mbo^y^^^^-m^iveii* sa?ij#^i7o, m, 172, 

Wtt\ E55#*170, 171 % 172, *3«tU!173d^*5i¥<t9^«H5^y W 

)5»©iiJgjgt£j;::i8^-C, ZtitbO'*-? 9-K\Z3i\£, FEN-lSr=— VtZtfV * 
„ «^I4, 5Wffl-t-5**ilwaottKlcJ:o-tl8«S*i/ftv\ FEN-lfca- K;f 

o $f*L^*J6»fil-*5V^r, ^»(4Escherichia coli*M&T?fc5. 

t, *%Wl*s FEN-K XPG, *JitJ5RADftP^P>*5i¥i»9S«^53i^K? 
? UT— t?E&*<a7 5 / A/"Cft«*^ 7^ F* * UT— If Srlt»-f 

•So #£U>HH^<i(C*3^T, *^9^>K^^^T— ettt, Pyrococcus f 
uriosus, Methanococcus jannaschu Pyrococcus, woesei, Archaeoglobus fulg 
idus, fciO^ethanobacterium thermoautotrophicuniri : >6>&'5i¥<fc 9 iUfcfftSFE 

iCfcVT, ==M 7FEN-1^VK5?^ UT— tftt, ij^S^ny/Wh^©^!:^ 
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■f 3 <5H-*«r«£T5«HE8si: UT, 2SIi«28lclE«**bT^<5 «t 5 KSDS-PAG 



s^W^KJOt, FEN-l, XPG, *3im?ADffill#:^?>)fe5P < t!?S 

t?£=i~- Kl-S^-U =*'^^ K(-»4x Pyrococcus furiosus 

,, Methanococcus jannaschi, Pyrococcus woesei^ Archaeoglobus fulgidus^ io 
iOtMethanobacterium thermoautotrophicum^^^SaiJ; "JStftb-SFEN-l^V 

tLTI4, A.-P L 7'a^~ ^— , tac7°n^~ £ — , trp7°n*~ fciVtrc 

a - K-T 5 ¥81 § Hfc^- 1> a"* ? is** K kX-t£ 5 »&x.DNA-'< ? * - £ 
»#trf5. -Hli^tC*3^T, mm^DNA^^^-JCIi, FEN-K XPG, *3it5R 

/4 J ^4^ i<D^"U a"5* ^ U^*^ Kf£f±, Pyrococcusfuriosus, Methanococcus 
jannaschi^ Pyrococcus woesei, Archaeoglobus fulgidus* joitBlethanobacte 
rium thennoautotrophicumd>£>ft5i¥J: QMlttlZFEN-l^y FX PUT— 
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#4 U^StaBRtlK33V^, !&^*Bjaf4Escherichia colittJfiTfcSo 
**HM3EK, fllK*JifcFEN-l3i^ k>{ ^ u-7— if a>b&5fS 1 <£>«ig#M 
* 1/7— if fc , * 2 <D*it4*J*tt* * 1/7- ^ £ *£tf»#**»#W*. 
»4LV>Hifi^ffi^*5VNT, S^*«)fff2<0«5g«f*»^^U7— iff*, Pyroco 
ecus woesei FEN-l^^K^ 1/7— tf* Pyrococcus furiosus FEN~l^>Y^9 
t/7— Methanococcus jannaschii 1^7-t\ Methanobacte 

rium thermoautotrophicum FEN-1^ V 9 l/7"-if . Archaeoglobus fulgidus 
FEN-l-x:/ U7-f, y FEN- l^i y * U7- 

J; 0 z<D\Zfr<D9mMfflilzto\,^X, fe^&ttf&ZtiltFW-l^s K 

5^U7— Stt, Pyrococcus woesei FEN-1^^ FX ^ 1/7— £ N Pyrococcus fu 
riosus FEN-l^^K^^ 1/7— if. Methanococcus jannaschii FEN-l^^K^^ 
1/7 — Methanobacterium thermoautotrophicum FEN-l^i/ ^ 1/7— 
Archaeoglobus fulgidus FEN-l^i^ ^ 1/7— if, *5<t^^ 7FEN-1^^ K 

l^T, Jg2<£>;*^l/7— iff*. »^aaM#y^5-*Ot>©i9 tffi»bfcDNA 
^JSttSrS-r5A s »^DNAsKy * 5— if t HWWfcia C5'3* * 1/7- tfffii* 
SrfiU*-*-* ± 5 f-7 5 / »B5»J^3EJE^lDx. bixfcBfRttDNAsK !i * 9 — if 6* 
©5^^1/7-^*5. a^«KOV^<oji>o»4UV^|U63gffilc:*3V^T, S5 2 
<D3*^l/7— 1fl3\ Cleavase R BNg£iii, Thermus aquaticus DNA#IM9— if. T 
hermus thermophilus DNA*K U 5 — Escherichia coli Exo III N Saccharom 
yces cerevisiae Radl/RadlOS^#**fe4SI¥J: 9»rfil5o 
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x-V ^ t'T*-— Pyrococcus woesei FEN-l^v- ^ UT— Pyrococ 
cus furiosus FEN-l^V ^ 1/7— Methanococcus jannaschii FEN-l^V 
K5^^ U"T — Methanobacterium thermoautotrophicum FEN-l-^V ^ U"T 
— 1?, Archaeoglobus fulgidus FEN-l^V ^ WT— if, *3<};t/^^ 7FEN-1 

ThennusJi©KjEiff»®*3fE©Wf»ttDNA5K!J ^ 7-^07 5/8^0- 
a5»fc»UTttlSltt&*r«. JEdflfcW^lS^IIBt-iaVN-C, fcUftBtt, Thermus 
aquaticus, Thermus flavus, ioitHhermus thermophilusiy* VMtZ 
tv5„ VKo*»©ttO**»IBKi3V^r, «3iW»«J^ ^ U-T— ^tt, Cleavase 
R BNg^, Thermus aquaticus DNAjKU ^7~f, Thermus thermophilus DNAjK 
!J^7—^> Escherichia coli Exo Saccharomyces cerevisiae Radl/Radl 

WT— tfi*, Cleavase R BN5?^ WT— ^-Cfo5„ IE(Cte<0^i6S^(C 

*jv>t, *7-v?(e)(nmm-s.. m%mc-*mxhz,„ uttsttmrntzts^ 
x, mm*. wA&i.mmfribftzmx'oMtitiZo &t:Mte5%mMmc&^ 
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tt£ fc, a) mm £ ftfcFEN-1^ ^ 7 UT-^fr ©«it# 



g.z>&TZ^z>*Ty7b, d) im&±nomm&mm^mxo\cmm^ 

Wt*mmmik&hR.fo£i£Z > x*ry7t, c) l^±©M8MMfe*r*tHi-3* 

*»©Hlfi^llSt*5V>'Cx »J8$tLfcFEN-l3i^K^^WT— ^tt, Pyrococcus wo 
esei FEN-l^V 1>T*— Pyrococcus furiosus FEN-l^y K5?7 UT— 
Methanococcus jannaschii FEN-l^V - Y% 7 \sT— Methanobacterium t 
hermoautotrophicum FEN-1^VK?7 UT— Archaeoglobus fulgidus FEN-1 
3i>- K;* 7 UT-f« *J it** ^ ^FEN-l^V K5? 7 ur— VfrbftZftt. t» 3S 
tfftS, «lOlfelt»«K*JV^» £©#8cfc:ttjlfc, « 2 *I^T 

2<D%? VT— Cleavase R BNgl^ Thermus aquaticus DNAjKU 7- 7— if 
„ Thermus thermophilus DNA#U^7— Escherichia coli Exo III, ^oiTJ* 
Saccharomyces cerevisiae Radl/RadlO^^fejfeSPi I? jHfift?>„ St-te 
©»4LV^Wffi^*5V^T, *2©**UT~ Iftt, ir£§9DNA#<M7-i? 

RNA43j:rj!DNA^&)&5*J;*)S«tv5. KcSHtiSi^v^^ 77 

7 7- (a) <7>1£g?te -*^T'fo 5. 
#3M§tt*;fc* a) <t 1> 1 ftfcFEN-1^ K*7 W~tf£-£ 
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N-l^^K*^ Iff*, Pyrococcus woesei FEN-1^^ 9 ^T— if , Pyro 
coccus furiosus Kp* ^ — Methanococcus jannaschii FEN-1 

3i> UT-f, Methanobacterium thermoautotrophicum FEN-l^V'KX^ 

UT-if> Archaeoglobus fulgidus FEN-l-x^ 9 VT— if, *5«fct«M7FB 



V><o^»*U^J6^ffitC*3V>T, »2<0^?l/7-fft, HP feSDNAtf? !J 

0*»ffiiC^o^T, ^2^^ U7-f07 ^ 7 KSa^iJ^-a^tt. Thermus 

*BHtt«r#1-5o H*SSUfcJgtB»CfeV^T, #*SSStt\ Thermus aquaticus, The 
rmus flavus. joitWhermus thermophilus^?>*5P <fc 5 JlfiftSo JSfcffiO 

3 214, Thermus aquaticus(6B?IJ#-^l) > Thermus f lavus (BB?(l#-^2) , &<fc 
IfThermus thermophilus(E50#-^3) frh&M£ilitm<Pfc&*<DX * K 

B3tt, Thermus aquaticus(gB?IJ##4) , Thermus f lavus (E59##5h *5<fc 
OThermus thermophilus(iB^J#^)^&*IIIS*LfcDNAP<DT S / KE^JOittfc 

04A~GMu B^MDNAPTaqae^-^ «fc Tf&J&folfa (synthesis-deficient) DNAPT 
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E5AJ4, !?£§!Thermus flavus#JJ * y— LT^S. 
H5B«, -g-J&fcfi6Thermus flavustf P * y — t?a&T-£* LTV^„ 
I6lt DNAPTaq£ffl^Tit^T-£^«g#£SLTI/>5„ 
12 7 14, DNAPTaq£fcl4DNAPStf(-t-ftfc>*K DNAPTaqWStof fel WJt) (^"f 

So 



0 814, DNAPTaqK £ £ tfDNAPStf K <fc 5 HSfPfi*^*f 

EI9A~BI4, DNAPTaq^ffl V»r5>tt-*^OlBSSrW*fclS^* <D 
mmXZM is a v^ro^fcKft? MS*fcf4i§S^J&£#WLfc 

>?W*- Y y V* if y A -efc S„ 

12 10A-BI4, 7° 9 -Y ▼ - Srffl V ^c»-g-*> i ffi l^ft v it 5 ff^W^Pfl 

So 

Ell2Af4, A?-f n y dt?. ? U*?- K©««JT?*5S«DNA©#Sfi*lll!SS!cO 

Hl2Bf4, 012Alc^$tiTV>SS®ioJ:Ut^!; =0*;? KSrfflv^HISiS 

H13AJ4, /<W n y YirV 9 Kogtt^fcSSKntottttAtiHSo 

013BJ4, 0i3Afc*S;|vCV***JtlsJ:ttt-!> KSrfflv^fcWSR 

El 1414, -<^^-pTTQ18Sr*-flll-e&5o 
121514, ^<^^-pET-3c>Sr^i-|llT-&S„ 

[216A-EI4, DNAP©5'PBS}«ttlcJ;5PHSfc#ja*SIC't?&51iiaw^S:^ 
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Bai9Bti. Hl9A^c*$^^rv^^aats^ffl^^fc■a!Sl^i:ml^©s*sr^Blu 



E20Att > by W7 y -fc-Y "Cttffi UfcA-*S i tfT-^7 bT V^Sr* L 

TV**. 

5o 

02ODJ*, A-*iJ:W-^rtr>'^-©IH©ft»tt*«L.TV^. 

02m, *J8W©6* 3** 1/7- t?fcJ*-*-*SKfc LTfUfl! Lfc206i:#Z#Si( 

H22A*Jj;O t B(4^ iJ£SDNAPft6tfiCThermus aquaticus*3 iUThermus flavu 
st> ftfc5' 5? * ur — tf C J: 5 «I^K»R(H21©206*^!CS^ < ) © 

023«, **woijka3Erjfe©-««^«ic»ifi-j-5»»««a:H**tTv^« 

o 

H25AB:, *|8«^DNAP*fflV^*feW*ixfcT=^y ^^(nibbling)j m*£r 
H25Bf4, H25AO r^^y^^j ^5' ^ ^ Klgtfco T^^ 7 7 ^ - 
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02714, tfcfflTs/ir-f fc*j^T r=^!)^j LxmR-fZ £ t 

028(4, r^py^j ^ttflMtt*fco^tett«r*i-3rfc**LTV*3 

o 

029(4, -4 l"<-y~-<, invader)^-!; =*3* * K**i"S*tt***J itf 

030(4, T=— ^S*tfcM5*y K0E5«#*41)Sr*f 6S-60^ 

=/>c^ u*^- K(BW##40>Sr*-t«IIH-C«>5. 



031f4, P-15^"!> =t*t W*?- K<O»ftT*fc^4^#^£T(C^5^^TS-60^Tt ,, 

-co^tv <b <o W /!)Wf->ay(: <Dgw»^(ii44 fc —:/;*- V 3% 

034(4, *3t-r*— 5?+-fc±0ffcSLfcMfeT?*>0. H32fc**»nTV^ 3 

03514, »3fc-f^-^-KJ:»)fP*UfciB«tT?*>9, *««l«BI^?-©#eE 
036(4, *36-<^-s?+-l!:J:9fpfi8UfcH«f(?*>9, «tt#«©#SET-<N& 
037(4, *3fe-< ^-^-KiflffrfcUtHfTT-fe!), 8*©»!&M45'5<*1<' 

038(4, -y-f-ICi 9 fft« LfcHfct?* 9 , «*tf)5'5<?U-T~ € 
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mzm, ^^-s^-fciaft^LfcBftTNfc"}* ****** 1 oarrtjw: 



TVS. 

H49H:, **-f* — ^-fc£9ffr£UfcMfc-e*>!K ^y-fen-ZK Tween- 
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20, *iJ;t;/4fcl4Nonidet-P40(7?#ftr-efTofc^ >"<-^iflg7yfe 

IH51tt, ^ft^-i^-i-<£9ffr&LfciIiirefc9, ^/ ADNA*fclitRNA 
H52W:, 3bM^-^-i-J:9«^LfcH&T-;fc!?, HCV RNA«[«j£ffl 



H53H:, *^^-^^-l-i9^Lycll^T*&<J, HCV RNAfllftSr^flVT 

-^-^!§MSTs/-fe-r^#T^*J(t5RNA^W©^tt^*liE$ix5o 
HI54«, **^^-^^-l-J;t)^Lfc®fiS-r*fet), HCV RNASf&Sr/fl^T 

057B:, 7 5 Steffi**) W^K75<Z>1Sji£^l,-CV^ i , 
"9. SR70, 70dp, 74, 74dp, 75, 75dp, 76, & £in6dp<£>»S]£;^LTv'>3 <> 

mmcm^< m^mmo^m) zm^mx (invasive) mmr y^mc&^L 
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06114, 5^-fc±9ffc*LfcBfc-Cfc»K WffifRCSrfli^fcftA 

062*4, mffiiz&^xxy =t*t vipf- K*^srt-5fc*©7 ? /w 1 

064(4, =f>i^U*^-KO#*ET*fc«^F»ftT-CffofcM« 



065a~d(4, 4*J-©^-y =f^^ l/^KSr*UTV5. lE&O-tft-PtWDfcl'fc 

o 

1266(4, 3EIC*« Lfe&«tf>-T n -*^DNA^^<D{li^«itSr* L"CV* 

068(4, Invader™* JJ U*?- h\ $=7"n-y, *J±^^y*-* 

069(4, T5 5'-3i*y5«^UT-^©3«C5c«S*^^BI^ j e9 f A'Tffc5 

o 

070ft, Methanococcus jannaschii FEN-1* >v** W(MJAFEN1. PRO), Pyrococ 
cus furiosus FEN-1* ©(PFUFENl. PRO), b h FEN-1 ^ l/s* $ Jt (HUMFENL P 
RO), -r^^FEN-l^^^KOWSFENl.PRO), Saccharomyces cerevisiae YKL510 
*>v^R(YST510.PRO) N Saccharomyces cerevisiaeRAD2^ W>°^K(YSTRAD2. P 
RO), Shizosaccharomyces pombe RAD13# >v** R (SP0RAD13. PRO) , t hXPG^^ 
/^«(HUMXPG.PRO), ^?*XPG*W^R(MUSXPG.PROh Xenopus laevis XPG 
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*^*g(XENXPG.PROh C. elegnas RAD2 9 ? Jf (CELRAD2. PRO) & if <E>iScS 

o 

071(4, #f 9 S^EB^»S-33(IH?iJ#^120)*5iUtll-8-0(ffi?iJ#^121)* 

072(4, Cleavase R BN/ h n y lfV© b n y t^Btefc^-fCoomassiegsfeSDS 
-PAGE-^/W£^LTV5. 



073(4, Cleavase R BN/hoV 

tf >SrffiV >fcS-60<D WSIC 4 o T£ CfcSifeSr^ LTV^. 
074(4, *ft^-i^-(£49ffr&Lfc®&T'&9, Cleavase R BN/hnv 

[g75t*. fSt®tLfcCleavase R BN** 1/7- V* -ftit>h. Pfu FEN-1, Pwo FEN 
-1, *J<tmija FEN-lW^lb^^-rSDS-PAGET-foSo 

076(4, gft-f {CitJ^UfcBfiElT-fc^, Cleavase R BNtJitBlj 

a VT— 1? &JflV^S-33*S 4 #11-8-0:*- !J KoHJSffclJ: 

077(4, * 4 9 ffr& LfcSlfe-Cfe «3 , TdT£ffll^T3'-0Hg£ 

^•tf^-*fc(^*^i/^-g-©v^-rn^ro^-y n*-?- K<o-r >*=.s<—*/ 
a Vfcfir o fc 1 1 (c£ UTV 

Universal GeneComb TM <E>9X-C&5« 

080(4, 't^^-^^-i-itJ^L.fcSi^-efcf), Cleavase R A/GtPfuFE 
N-l % 9 i/T'-f i?;^^-!" ^'SH^' 13 ' - ^'i:Srffi , ''>2i i i: (£ 4 o Tdfc Cfc 
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H81t±, ikftj * — ^-T-ICiiJ^LfcB^r-fot), Cleavase R A/GtPfuFE 
N-l* * WT-if b Cy3^!&:/n t ^ 5 i t £ <£ o T£ CfcS^Sr^ LT 

H82tt, |C Lfc®&T*fc <3 , Cleavase R A/GiPfuFE 

083A*5iO=83Bli, S3t-f ^ -^-Y-f- i 9 Uhptfgl T*& 9 . Cleavase R 
A/GtPfu FEN-1** UT— ^t5'{4©jEm^*-fcO*»*fctttfc*V , 'yo-^'t 



HI84fi, 3-= b o t°o-^*5iUt5-- h o-T > K-/KZ>4ffjg£r^ LT^5 0 
1185(4, fflglMm#tplCT~-^Ltc*V =f**l^-^K109, 61, *>J;tf67( 
Ba^JS-^-83, 61, fciU^WE^lJ, ifcWcty ^^V-^K67(Ba?iJ#-^62 

H86A~CfS, •$kft'{*--V J r-lz£.>)ftf$.Vtzm®.X*h<9. gttt^tffil 

mm-x. *y ^^u^Ki66(ga^j#^-93), i65(ga^j#-^92), 

-§•89), 162(gB?iJ#-§90), *5j;tfl64(gd?lJ#-5§-91), ft bW:M§!*it#:cDia?iJ 

t LTfflV^■C^fofcInvade^™^WSTs/-fe'^-e^Cfc*feS^^L.TV^5 0 

089A~Cil, S-60-^T t°^(E?iJ#*40) (Aj&itfP-lS:*- V =0* * K(BS 
?ij##41) COBB^IJ (BiC*3 V t? T =— L ftftmtf* $ ftT V > 5 ) <£> 

* fetf ^Invader™* V * KWffSTt?S-60-T fc'i"© 
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TV > £)<E>Sl?y&£>U 5 l£IT-l (6H?ii#^-124) *> i tfIT-1 A4 (B2 JiJS^ 125) *!)=** 

y =fjc* K£Cleavase R UT— tflCj: 9 HHKS*fci*fc£t;fc 

139412, fcft'f* -5?+— fc J; <0 ftf&Ltzm&'Zh'O . Pfu FEN-l&itmja F 
EN-1* ^ «t-5§fiS<Djt*(Dltt5ES:*UTV^. 



^-U =rj?^ u^Kcojg-a-^*, Pfu FEN-l(A)*5<fcU<Mja FEN-1 (B)«DV>-f ixd^r 

i t> fc # tc^ itzmm&itm 1,1s. t> otfcs. 

H96Bi4,' **-<^-^-r-(Cj;t)^Lfc®^-efc»)x EttOfCTj^JVO^ 
^- y =fjc ^ u^-f - K£\ Pfu FEN-1 (A) tiiWa FEN-1 WM^-ftlMZ. <fc 9 MS 

1397(4, Pfu FEN-lt5itBlja FEN-1 * St <£— LT*;* y?>t 

098AJ4, *3te-Yy-^-Y-R:J:5ff*UfcBm-C*t)» 071|C^£*LT^5 
^-y l^f- KcOffi^Sr, Pfu FEN-1 (A), Mja FEN-1 (B) , £fcfiEi97t£}i 

Hl98Bte, «3t^y-^-r-Ki9fPrilUfcSlffc-C*)t», B30lC*S*t-O*5 
#\) Jj^Utf-^KSr, Pfu FEN-1 (A), Mja FEN-1 (B), *fcf4H97(C}t^-CV^ 
•5=^ 95?^ UT— tfKJ: 9RI»**fc4:t Kfetfc«»*Jt«ELfct©"C*>* 
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o 

Pfu FEN-l(A), Mja FEN-l(Bh 4fcttH97fcJSf*^rv^5 7* * 1/ 

HIOOA-Jtt, «*0«£#TTCleavase BN©flH4«rajEi"Sfc»K«ffl Lfc« 
* £>T y ir^f <^j»*Sr* tt^ 5 0 

D-F, *5iWH-Jf4. O^TTTthDN^SttSrSa^-TSfc* 
(C-Kffl Lfc«* COT yir-'f <£>3£*£^ LTV>£ 0 
EU03A-B, D~F, :fcJ;Ufr-Jte, 8*C03M$TT*Pfu FEN-l<Z>ett«r«lJt^5 

H104A-Jtt, «^(D^#T"CMja FEN-lcOfiH45rSJ^6fc^icffiffl bfc 



cor y i?^ ©jfe*Sr^ LTV^ 0 

01O5A-B, D-F, *3±tffi—Jtt, S^O^TTAfu FEN-l^ffittSrjBI^"t"5 
fc* W£/B L/cffi* COT y*>f LT^£ 0 

Hl06A~E*3«tU ! G-'Itt, S^^*#TTMth FEN-KDffittSrSJ^Sfcftfcft 
fflUfca>^fOT^-fe^^*S:^LTV^3 0 

0107(4, 2«<OSKSr*LTt^a o /^/V/Att, ^Ttf^SH (25-65-1) (6B?0 
#^l76)<o«JS*5J:tffiB5iJSr*bT»9, /^/WBi4, ^-^-(IT)3ESt(25 
-184-5) (S&m^m) nmm# ± U«?*J Sr^ t T ^5 0 

*»S«4if05C^^^K«)^!l) tHLTffl^fenSo fll&tf, BB^J l"A- 
G-Tj ttS^j TT-C-Aj {CffittWT*fo£o tStttttt "Cfeott 
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nt ioo%*«^-/iga?ij-c*>-5. 

5. i8i«?iasf4, -*«^s§^ro*a^^^(t-*«ic«f«rr5aa-efo 



5, «n»OT B ©tHI*H:> ^«#-C(4Jl*J-C?fc5o SWiJtt^Jtlt^ 
5 i 5 fc* tttKtf 1 M NaCl©*tt»»«f T m <lCD«**ifl3effi 
: T m =81.5+0.41 (%G+C) K £ 5 [09;tli> Anderson** i tW 

oung, Quantitative Filter Hybridization, Nucleic Acid Hybridization (1985 

■fs-t^MStv^^fci*, rsiv\i *fc« rffiv^j ^n)^i^>-©* 
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K J e5.S*aS«DNAB5!l*-&^ s f5DNASJaSrfitllc-f 5. «W£*<f»"M>JI 
5. 

TRit C?IJ«ii'/yh 1 tfjJTf^/Wts/^-JvK &X.WW'(n'XV/ 
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U< Wfcl 0~1 5mU±. ^bl-fr* L 1 5<@«±ri>P>3 Offi©*;? U 

utf^m, loro^/j^u-^K^y h-*S©5' y^g?(phosp 
hate)***©*© 3 ' &Piflc: y V&^^TVwjjg-g-fcfl- LT 1 JW&JaKtei-* «t 
5 KimX'BJSLX*!) dtyt 9 K«r4*-f4fc«>, * y =fJt * K© 

©5' y V»£fc|§£-LTV^fcWie> T3'**SJ fcffcSixs. *W»#T-l*. ft 
*i*S5'*sj:tJ«3*5iaBSr^r-rsi:li!i-5rttife5. «!£©«( 



(cfio r 5 ' a> e> 3 ' njjmzffltrir £ l ©^«© 3 ' 3dB#ft 2 ©«*£ 
©5'*iffi©Mlc$>5/iP>«, BE* 1 5 lo©«* (oi*)Kf 

W-f-r-j fcSfflBtt, #«*W*W«*#TK«*»iifc»* 



-45- 



7W^-©5'5ldat»^bTv^-c i t>J:<» :oi^> flK/T^-KWOftO 

3 Strife 5 „ Marmurfcit/LaneCProc. Natl. Acad. Sci. USA 46:453(1960)) 
}3.fctfl)otyP>(Proc. Natl. Acad. Sci. USA 46: 461 (I960)) (-±5 IW7*!)^ 



7°n -7*a«*KW 7* U *V X-TS^SrS^-fS ri^fS. Ld> Lfc# P> 

rH?)©«©2ofii 4 ii©75;s(«i)©i-i-c, r*ie.©^<D2o« 

14 6i©7Syi(|3i)©ll-«fJ,5. jS^Sra-K-TSae^-tt, #)EH4 
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^H%®&mtt&&fc*\m^xmm i **m&xhzm&\zmhMmm^)£m 

<bi%X^Z>o 



5S®t?foS„ rtiCTLt, tta^^f-tt, -ft«JSttt*H«K«»5H-SrW 



-47- 



o 

P(^J. Taq DNA#!J ^7— *JiI1g(E. coll)DNA#J> ^ ?— if I ), £91* 



&v\ StBB^^IKtt. ^ fe*(Cleavase)®»^. FEN-1 xy K3* * 

— tf (RAD2*5itWPG^V/^H§r-^tf) Taq DNA#!> * 5~£*S itF^KSCE. 
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SESftSESa. -*«SftttZ*iDNAtfc|j:RNAmtft». 
JfEtc^^-^-'^P^^u^K^fe-fS^-lcH:, OR , 



y • a-p =rjt 9 u*? v<omK#. Tfmtom&mtoi XhZ> 0 
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*WilB#*'C«ffl-t-6 rga^ij^^j $fcfi rga^ij^bj (sequence variation) 
J ftSJSfffc 2oo«»ia©«B«EWOtt»*r**1-*. iP4SI«SS 

#95*H#*-e&ffl-f5 r^H^-UrSJ r&tti£-fraj (liberating)* 5 

w*?- Ko«0 K**BrfrH:J: 9ft»b/j:v\ 



V(-fft;b*>, 7 -y*Tl?- dATPi$£V7 -t'TV- dGTP)*fO®ffi£ 
JBfl8J:«9ft5 

a e> n-s ^ma* a t A/ if ft v < * v & * (»£H© ae^-^-zu 
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!W4«WilfciH4-e*>*«*«i***i-<5. 

Id*. tt&tTCMAB. i*a*5J;t«*l«*» *i J: J: 



-51- 



i§v^/i'&gT#&1-5*§^;:f4, w^-f- Ktt. <tfeo^-y =0** u 

• *y =***u*f-m» ^*<tt>ioo^ATa»-effieEi-4-e*>5 5. ^ft 

rSffijJS^teSftfc (charge-balanced) J *y =r* * K**ffl»tt, 
*©&*, ttffilcg^T^H' ^7*s> h • *y =*7* - Kfc»S»**!> =* 



7*n • y =r* ^ w^-f - 5 * -TTCTTTTCACCAGCGAGACGGG- 3 ' © 

S/55 2#Bi:3#@i ©aSOlWCfi*^ ^-^HB^HST 5/ -fc-f T-tt, r. 
y =** * U**- K© 1 ■oOTOtCfeSmWrWflaPIRB:* 5 ' -Cy3-T S / 
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T-r 5 / -TCTTTTCACCAGCGAGAC GGG- 3 ' 5. - nfefair ]) i> K 

IS, IE*:fe<Dttffi£$tfT^-5. HSft* &V>*V ^^U-^K^tC^ : 5 
' -Cy3-T 5 / T-7 5 / -T- 3 ' *3 <fc # 5 ' -CTTTTCACCAGCGAGACGGG- 3 ' (E?U#-§-61 
®aS3~22) . 5'-Cy3-T5/T-T$/-T-3'l3\ &m°I&ftUft GEt^m 

^■Tfc*, 5 ' -Cy3-T 5 / T-T $ / -T- 3 * *}) V Is* 1 ? KI*:E<Dil2!)«ffi £ 
^rSrW-TSc 5 , -Cy3-7 5/T-7 5/-T-3'(Wi-H\ -fy^F^o-^ 

r«f»tt©SB»«ll(r(net neutral charge) J ftSfflffitt* M* V =* * * V** 

» ^$^>-±©r-nh 3+ s, h ^©iraa*, y y»*o#aE*fctt^«eE, 

riE©SISb1B#(net positive charge)j &5fflf§l^ ^^-U^^U-^-^ 



rA©H^)S#(net negative charge) J fcafflggtt* tffiS^P zf^fw*?- 



-53- 



r»^#Sj »«S (ligation) ©K©2*©«W*4g 

CttltS 3'-OHt 5'-P tolo*^*^T/HlS^©M) 4r{EiSi"5 

(reactant) J JfcSfflBtt, #W»»T?tt*©ftt>l2;ilfcJBV^ &Ji<5. 

y =rj* * u**- frump L#5ftic©ft-g-ife*fc«3i u> v h trm-r. mma 

GE*fctt*Ki) ff*LT^-ct>J:<, t>U<tt««f*st , ttT?*)oTt>J:^. ft 
HrWj^ (N,N'-r h7^f;H,3-^B/<y^75;) •fnVfrf- 



ry-^w^A (N,N'-r h7^f/M,2-i^y^7Sy)yn Mfi^-T-J- 
f //-/Vtl'Vi'-f 7/-^l'yv' • ^t^v- (TOT 
O) , fry-zl'tl/V^-f 7^-/^/1'- ■ P^-f^"- (TOTAB) 
, ArjtWJ-x-f-WJ* (TOED 1 ) , f7/ 

-^L'Vv'-ifv'^A - ^f (TOED 2) , *3 J; U 1 7/1^-1-' 

t^y-if-7!>Wn^7- (FED) , yyU-V. f*^^ ^hl'/ 
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o 

*WiW»«f-Cffl^bJl5 (portion) j &3JBf§tt, ( rgf#©^w«^ 



#5) SriI*U -feV^flSfcttTV^-t!^****?-?-. fcWlPW'r' 

*WMm*xm^bti?> r^s^KtMtJ ( rpNAj ) r±, ywf©7S 

„ Stift^f^rfl (anti-gene agents) £ fcffcSftS £ ft -tftk© 
'«««J»^tlS^r5-^KJ:9te?«©#ft«rflt±**5 [Nielsen PE6, 
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(1993) Anticancer Drug Des. 8:53-63] „ 

yrococcus woesei) (Pwo)FEN-l:^ V KJ* ^ UT~ If K"f y =*3* 9 

Vir^ K (Sfctttf y J*. $ \s*<f- K) tt, Pwo FEN-l^i y Y% V U7-fO'>4 

- ki-5*sm- y * k (*fcHt* y ? ^ - K) ri» fvo fen-i^ 

dtx9u*<?- K-CfcSo ga^iJ#^-H8*5j:mi9{rW^y ^XoT|g*fg«SrW 

•r^pwo fen-13i>- kj* * w— K-rs¥st^-y ^ * k (*fc 
«*fctt*^#*v5fdBK»u-ci*jaj«ifcffiitr5Pw> fen-i^vk** w— 

i?? V/^«cd*Kc< i: fc»»Sra- K"f SgBfllfc^tr^y u*^- Kt?*> 



frit >J -77—feteBN/h □ ytfy* * l^7— tf 3? 
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*W*W*-Cffl^fe*tS r^yy^^^gj fe^tf 7 f£ (chimerical) 

Jl4*4*»tft*"*-*JWi*^^<^*a»fe#*r4:#"C#6. RSI'S t>©T? 

# wawiciatrt-a matter «t 9 » « $ ti zm^mtezm-r z>**y mmc® 

o » 
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mm m3>m<DW&<D ± 5 hum tmm a ftommtitz 5 1 ots4i \ 

DNA*KD ^ (DNAP) [fllx.!*, *JK®(E. coli)*^*(t**tfct 

tf\ £fcter/VA*(Thermus)JSO^ tt. *rU*D 

^<oWDNAP(l DNA«0 5 , *5±U 5 3 , *4B^e>^^ KSrlfe* 
i"4^i:36S*P6>iL , rv^5 [Romberg, DNA Replication, W. H. Freeman and Co. 
, San Francisco, pp 127-139(1980) ] c "fflStttt, t 

v^5o flu x. HE* v^o^DNAPON-^ffiK^^yC&SS'x^y^^i/ 
T— WStttt* DNAtat©B©9*^(ragging)«-frj**©RNA^9^^ 

AP, #J;if£*:J3§«(E. coli)DNA#!J*5-i?(DNAPEcl)t>. DNA^l: 
7>-:7 y — f*-f 3' ac^y* ^ UT-ifStt^WrS (Kornberg, 

Taq DNAzKy 7 — if (DNAPTaq) i^ftSxA'A* • 7^ 7r^f (Thermus 
aquaticus)^fo*«*ttfcDNAPI4, 5' ? 1/7- tfffii4£*Pf Sri* 

> M3'x^y^^ K**f^«:$C< [TindallfciOTunkell, Bioche 

m. 27:6008 (1988) ] c Ztl^tl? uy * Jfltf*5 £ If* h 7*/V(Stoffel)Bf^"fc* 
£ft5DNAP Ecl*3<tm)NAP Taq*>flNH*tt, »*«rt^*fcHate^*^!B* 
, K^>£^< [Brut lag <b, 



Biochem. Biophys. Res. Commun. 37:982(1969) :Erlichb, Science 252:1643(1 
991);Setlow*3£Uq(ornberg, J. Biol. Chem. 247: 232 (1972) ] 0 

DNAPTaoO 5 ' V % ? ^T^ISttfcttWI*^****^*)* <t«§ £ftT 
V^[Qelfand, PCR Technology-Principles and Applications for DNA Amplifi 
cation (H. A. Erlichig), Stockton Press, New York, p. 19(1989) ] c DNAPTaqjo 
±tfl)NAPEcltf> 5 9 y % ? UT-HmikmyoOtefrVte^: J%2 K#ffi 



-58- 



— ^WK:*fBt?t S w t ?r»t*-t-5 , bW-C*'5[Setlow, frit; Hoi land??, Proc. 
Natl. Acad. Sci. USA 88: 7276 (1991) ]. 

BRK&HWO 92/06200#T» Gelfandfete, W?»NA#y y 7— t?<Z>5'^*y 
5t ^ I'T-^iSttOlf* LV^SKllift-*iDNA1?fc5 t/TLt^3„ &g 
ft-^iDNAiStZl^DNAtiCia-e!) VK^^^ig^-^JD*^ 

* y * * U7- «Stttt«il»^-#*^ y K* U7 — 9 » i D a© 
y 9— tfiBKtLT^S* ^ WT— tf«tttt» ^> Kx * u-T— tfte^MSfS 

, **bta, ^tdrnm Ky ^ v t lt, &*w^fc©N-*sg^«©3# 

©lluBV^JftS, ^#^<OC-*S<D3#CD2Ki\ DNA-a-ffcSrgr-fJI-g- 
K*>f yfcflWH**. v^<o^ODNA#!l yy— ifAStt, ^f©3 
#co 2 co C Lfc 3 ' a* y 5? * k7- flHt £Wf 5„ 

DNAP©5'x^y?^ wt— ettt a^stti: y y 



DNAPEciro^ !?»fK-4fc(i*f /<c^^^K^5?MiS»f>t«^y y 7— ^ 

„ DNAPTaq(DNAPStf)£>* h 7iyU(Stoffel) »f>frfi, ^D^7-W©N- 
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[Erlichk, Science 252: 1643 (1991) ] 0 l^&PBWO 92/06200-^tt, 
$ tlit U^V<D 5 ' <b 3 ' ^df y * 1/7- If £ NAP £1E« L 

T^5o #B#¥F3S5, 108, 892-§-(4, 5' fab 3' * 1/7- tf£r#£ftV> 

y-)Vk.7, • TPTt W :# (Thermus aquaticusjDNAP^riSftbTV^o U* s 

7— tfSr^O^o 

li£ < «SV «jfftttD NA#!)/7- if ASS 5 ' * * 1/7 — If £„ 
^Hiif 5' ** i/7— if (bflSi#4Sret 5 r i tt, 

ftT^S «fc 5 (Gelfand, PCR Technology, 5 ' * * 1/7- if ffitt/^Bf 

*^©IB«li, I. 5'X?UT— €Srfflv>fc#*W^gS?"J<O^W, II. $ 
S3ttt<7?DNA/-KU Vfab<DS'%? 1/7— tf£>£j&, III. -TV^-y- 

S^-MS7yfe/riC*3^5 5' * * 1/7— If £ffl^fc4tg&^K62?iJ<W|fcffi, IV. 

&A(t}Mmk774^-fti$mmt<Dit^ v. iUKWintststc <t zm^m 

moftW, VI. ^^^n-^iOttp^yn-^^fflVNf;:^^-^-™^ 
MS, VII. -< V-<-^-™it^-MS7 y-fc-f fc:i3(t3£^£j&^»*iffitt;!JD(tai 
ling^iS-i/^/Wt^ VIII. >"<-^-™ 



1.5'** 1/7— tf£^fc#J|l&l£®Ba?[Jo;|fctti 

* * 1/7— If tt, !|t^W^iE?iJSrl^^-r^fc*oSf«(D^W7s/ 
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\* h y it]) yfh&wi hy^-5fE;T-2o©^<sij©t!) w*9- kic± 



# ]} ^ u;t9 KfiTVy-r t"-* t LT^ 1 5 !> ^ * ^:*9 

14, *&W<DDmi£ £ 55' T- A ( fc*-X 1 ±<D^" D =*j*^ 1^9 Ktf>) 
MgfcfT 5 fc«>«- 2 0(D^- 1) =fjc ^ u*9 K i: T 9 W * > h £ft1" (01A(ctt^ 
UTV^ft^),, 

fo5 t-Xi ±<D* ? 1^9 K©£«S(fark) fc©E*-eiM#P3;h."C^«. 

* < v ^>ft v ^®&h 5 ^tt£Ctt«B&Ktt* Utft v ^m&Kfflm £ *t« r i *sft v > 

o 

*9 K£B< „• m\k<D t*-X2 ±K>^- y ^ ^ 1^*9 KH:a 9 y^fl/* 9 3%? 
U*<? K ( a ' b t-*f L-OfB*l«jft«fc&W U £ ©fc» W -fWJV- 
*y a pjffit ft3 0 r W«ig(4*^Krc>DNAP-eMS$^T 0 ^if-TtV* V 



-61- 



To«fc-f (nibbling) J ^ti^Wm^'^y^^ WT— t?fi&tt**UTV^ 
*ri#JWa*nfcCFBK» J: lot, BS&AttT-Clfe" 

y y #4 a >"ttDNAPWnibbling»C £ o T^g^ft $iX-5« i2Ca-«' 

us <t v $ - 0 • ) m&mt, m m ta&iM * iao -c^^t-i- 5 r t a* 

©SfeS^> ^utf- 5 =0* * - K©*I4 2 t r © J; 5 & 

fc,- «(Kffl?njJi h y if V tcti h V tf-RJfcT? 2 o©£< gij©* y =0* ^ w 
KtCtctKlJiX, «Htt©«S?H\ #38H©DNAP|C.fcS5'T--.A©i|$ftBj 

^UT^ft^),, *1 ©*!> =0** u**- Ktt»»B?!I©-W»4:3fe^K:W*«l 

■c*6. s&2©*y is*^h'iimffi>mmtn&mz.ttffiffy-ehz> ;i2© 

*y =r* * v**- k©3' £ttHfttteft£$&fcflffitt£;9*5' *aSte#fB*fiHJ-e 
ftte^T tr>«W*i©-fe y h t *fcJBv*a r <h ©ft a-ftttfcEJil t -T5 r t 
©a=-*fc8B#!&i&g£ ZtiZ :$Sl<D*V=tX? nfr.?- K©^t^2©^- 

y ^ 9 k©3' *ffl-efe ■&„ % 2 ©*■ y ^2* 9 \s-irf- K©5' *ffitt^^© 



mx-(n>T--y y^-pAttL^ (forked) B8S*jfi6^^Stt, *niWWA#5 * 
7-if»5*^^ u-T--if<Dg®i&3„ iB§!^©:fc:fc<fc *©&«(** fcB IB© 
*t^H©£Ep-C*H% 

=*X ? K©3' y 7^ XTSft t ft 1 ©* 



§gg!SM££!£2©;ty :J**l<**-K©#fl~«:G»-f£i:fcfc$ 

fcft, #yp< 3*— ^ ■vffltt!»**»t'Cv^rfcHaMi* - ejb6. tuy^yf 

h y jtf-R&ttfi*!^ f *<DX% 5 i 5 **#TtffT 5 r t 5« KJfc 

®mx&<D 2 m s ©»&«» h y tf-Kjs-cj&^ftfcB i ©wg»«i£ or 3 

©fc5W* b y #-*y \s*f- Kinf Ht^<5)©M»K J:o-caiJt$iifc 

«£*©M«tt2a©R£^**:3i-f5 : 1) SB 4 ©* V rf* 9 V** K t If 

t?r rt?(4KlC5' T— J^ZtK^Xte*) #M§©~-7 tVicit^iM X#/h$V\, 
r©»gi£ftfd8l©'vrfc s ^l*, h y^f-*fc«B3©*y zt^^v^rf-YK 

r©^itt, ^i©2a©^-y rfja^io^mjWryKSii, *^i:rs-/ut 
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t> ©"CIS 5 ©;*- y ^ * w^-^ Kt H*tf *K £ Z<D%t> V-X"? K t *©E 

mmw*tctem-x*hr) , 2) wg£;jxfcig2©^Tt o >i#ig^-e, 

htzm 2 ©—r tfysftH)^ t ft a r t^r-t > ^ 1 ©->7 trv#it«i©ws 
liioti Cfc i/^/wSrJiffii- 5 r £ So S4©t!)^? v*^ K© 

ft 5 i 5 fcfc £ © i 5 if iW&tofrbn* V t> ^**f- h°(DMM 

tfcttt-ts v^-jvw*, gg 5 ©;*- y d% ? vm 3 ©^ y * u^-f - k 

©BB^iJ t fcttPI-) & fc 5 1> o©3S 1 0^7 t° vffiitfe©^ tT-- 

U^mS'J©»2^Tt:°^#5gfe©^ir--/U$H2). &ffl©;fc*© 
+^*©MSLfc^Ttf^a«lSr^C.$*5fc»{C, fl*JJ:t;i!2A7ty 

tttKjc&©i&Ai±, ^rf v«5ti»©iBS^fflv^^s^-y K©r= 

55<C;i>e 3 70 < iC-efo.5„ ^7 f Vfl|ji^l©S#*:^*©^T tfV«)g«J©KmttJ; 9 



-64- 



JgKfcf LT^M" X U trjV—i/ a^tSri SrBSJti-S r i: t> U-^T fcT 
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£^©«H)f f fVi'**VO*S. Sot, ^Tt°>'fi j e«03 , 7-AJi«07 = 



5t#if>^ ^©*§*. ^.c^fib 5 3*-©S^ttft <«*©*#£© 
-»©H8K7ifvflB6*iPfe«*n-CL*5. £"b»c, 1 9P>"K©PSreffl 
Vvfc^'f^-ttU t>L#£$ft-0\h.tf, jEL<fcV>«>i 

K(dNTPs) h« i im ^fcfc t) ©a*i9SttTb-c«Bttt«>is*ft 

V » 5 i # x tib< tePCRKJ&a* ©DNA©U" >-^/W x 4 tc ©te©f»T k ^©if V 

II. S&£j£14©DNAJtf U y 9— 1?*>5>©5' 5> * W7-i?©£j& 

DNAjKU ^ 9— t?AS£=»- K-f-Site'f-tt, DNAB^iJWVU-CZVMcijftl 
8 5%OttlBlttSr** , f 5. B*H4#!J^9— t?©ff*U^WIiUI4, 9 
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• TVTt- W#*(Thennus aquaticus), TVl'AT. • 7 y/<-7- (Thermus fl 
avush 9-)VJ*7. • =£■ 7 WVt'.* (Thermus thermophilus^ifri^f bil&o 

ST-*>5. Ej2*3i^3-C*li, «IfE©3o©#y y-7~ UaT?- KE5"J*5 
i^T^y^gajiJ^ttigEl-So H2iS±tJt3-Ctt, *©30©»BttDNA#y 
y 7-~t?©3* * K(H2)*fctt7 5 / »(H 3)E5!l©it**»b»e»nfc* 
ffl*;fcte*#&(majority)E^J£ft±^J(^-r„ kftfcEJW <DT $. Sim 



KBJB«r*U E?iJ#^4~6{**©TS/&E?iJ£*1-„ E^J#^-1«> YT 
- lttfrt>Mm$tl±&£M7-A'J>.X • TVTT-J-tl*. (Thermus aquaticus)D 
NA#y /• 7— ^jte^W^BftE^Jt-MJ^r 5 [Lawyer b, J. Biol. Chem. 264: 
6427(1989)]„ ffi?!l##2li, m^MrfrJ*?- • 7?/<^(Thermusflavus)DNA 
*y^7 — Vmtel L (Dmm£M\Cttl&-r 5 [Akhmetzjanov*5,£ Wakhitov, Nucl 
. Acids Res. 20:5839(1992)]. E^J#-^3(4, IfMfM^ • f— ^7^ /U 
7. (Thermus thermophi lus) D N A# y ^ 7— if itfc^CD^&^JtvlttJS-f 6 [Gel 
fand?>, HUg^lBWO 91/09950-^(1991) ]„ 6B?IJ#^ 7 ~ 8 f±, **b-£tK 1512© 
3o©DNAP©*ii5<7 KE^itfT 5 y»EMSr*i-(H2*J:t^ 

3©SJi?iJlct^i-). 

Bf^tt^y /• 7— ^S3K©*^©5*5?7 i/r-ftt^t^fiTLTv^ 
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(£&£H# *$tt ) . 3 ) tiSftio £ xi/t. it Wk^ftfeffiX i xi/t. 

l. * 

5# 5 ' 3i * i/T- €SttSr^LTV^»^Bf>tt5r^fiK;$*S r. t K i 9 » IK 

„ -g-^14*5«kU t 5'?^ 1/7- IfettSraj&t-SKTytWKo^TH:, 
2. 

Ki-5«MS**fe*S*5#* U^8c*rB*rt-*. DNA#!) / 9— VAM\* 
DNABS?lJ^P^T'fcSfc* x 9VW»* • T^TrV^Crhermus aquaticus) 
*5j;tTT. :7 7^*(T..flavus)#y 9-^KJB^5* n-^^fM&fc* 
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^TCSIte^J-ef*, 5 ' 5? * U-T~t?S£££: 5 - ft < DNAPTaqtf V > £ 



&LT(omMm\as^x, Ta«te^o«*wes:aEttx u^ki 6 o i~ 

2 5 0 2 «3-f^ ^M«©**S) ©^jfc, 2 0 4 3&-?© 4*2 Virf- K# 
A, *3<ktfj2^ Utf-^Kl 6 1 4~1 8 4 8*Ji^^ W^f-K8 7 5~1 7 7 

©s»j*3 i u«?ijs-5§- 9~i2 ice**- a o 
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SkToMfam-etZ. iH6£*l/C7VW»;* • T9T7- ^#;*(Thermus aquaticus 

CRliffifODNAPTaqOD^JSHttJCt *)£.CZM&M&{ki>, 5— Site 

.tU^Ali, ^Sr^A;* • T^Tx^*^(Thennus aquaticus) JoiU 5 ^ ?/< 
*(flavus)DN AstflM 9— tf't'WW&i&S'g-J&l&tefig'C&a 6 Ll^C t fc^-f 

U&»L«asfe, DNA#!) ^7— tf*»&5'3«^UT— t? 5 



aDNAPTaq^^S^^^Sfcfe^KTcO^Jg^J-effofc^-C&S^, 5' 5? * 
UT— SA&J;UW&©^A©7c£>©m3Si|£ii: L-T 

\*. £/&K£DNAPTf 3 tf a fc » , ga^J#-§-i 3-1 4tE 

i©/7 ^ -7-4:11 Lt f /V • 7 7^^.(Thermus flavus)AT-6 2ttri> 

*-©»*£•£>**> *>3. *38(B©«WII««©5Sift©fc«>l!:*± 
3NnJfc7-f-tf— h 3i (Promega Corporation, Madison, WI)-efc5„ 
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J^T^IIffiW^T^ftS t *5 •} , 5mMi 9 ©Mg++fc ± «3 ^DNAPTa 

■etmife-rzt&Jjiz, fc5<Efflcojg£©Mg++ (5 -kmc ©#fcTfc#TK:e* 

**fK, ?V± , )>'i3&U#'(*yRMiS®M (Triton X-100*5 itFTween-20 

iHI^#!M?--tf©£j*JSttH:» # !M 9 -If ( 
ftftWKHse-ioo'C) fcft«flW (20^±) Sfe-J-wtKituWiSix*. f£» 
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III. -T>-<-^-^§BST2/-fe^^tJ(tS5' SfcflJVVfcttJItt 
&S£BE?iI©&tt! 



Lie, #&IeJ©, 3MJ^^u-^K7*n-yt<©W^!J^-^-'>3^*5J: 

i'l'tf Ktttflita. r©M^«it^l4, i) -*«T"b- 

fiaic«fc»J-*«(j:-f5rt^-C#S) , ii) ««l«l«»a©#l 

f-K (EH 2 9^$HTV>5«W©««X*3j:t) 5 Z) , iii) i^-^-J 
t^fc>^5^2^-y =f* Kfc*tf. -©^2^-y K0 5' 

?|J©^21B« (02 9©flH*Y*Jj:tfX) MUfeU *»o* 2 tt^tt* 1 * 9 ^ 
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H2 9te, r©*^:/©ga?iJ©-*i-©*y ^^f^Kfcio-c^c^lBSSS 

f-K) ©3* **ve>«»«[Sr*i-||©«l!:^cC9ftfflv>r*L-C*>S ( 

*b-c, «B©5S*»!i»fc5»&tirixe)©«i!: ra' j ©je*fcfl-LTS>5) . 



5) ri^bms. #isai-*«iH©«*tt*«ttfiv^Sii:oiSit?*L"C& 

©9J©-«^EI3 2 C^-r o V-ftL©|lit> (-r*fc>*,|gl2 9t03 2 Cfc) H 
^©f^ffl«l**fcttMS«tiS^©^iaWE^J^Lr^5t©-CI4^V\ 
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^ Kffcll : 4 10 , -rt£t>h 1:1 0 4 8, 5 7 6<Oll|-e^5, £*U4» 
3 0«©fiS»-C^2, 8 6 lUITfc-So Bbi*, Z.(D&£<D*V ^%9 

K# t h y / A<D*# $ <E>BE?iJ£W-f •SSttrtW^ * Uofrf- K 1 0 fi<Z>^*£»c 
»HWKIS^-S*^H:^ftv\ L*>U f«)EW3kb©7'7^ 5 FrtKfcit 
tf, r ©<t p ft* y =tjz 9 K»«*ttK:iB^J-5«^*»*>ft 9 fc?>-Cfc3 
5. rtttP^ftH-^lciot, S*WfcVv>T3x 1 0 9 m&mzMLX-m 

»fr <5**©E?w>*/h* £ i** ^ i^f- k 1 e tew* y 9 k (-r ft 

1 6-mer) -C*5Ct^*»S. 



KdsaiB-fstss^^ttsja^teH^fcs. (g-cm^so 

%) ©16-mer(DT m QE5I0 5 0%as«fflH-«iME) ©fHHttt, t 9 

, t©T m s©ttfi(T m ©|i)5 o w ©a«-c*»tSRi6-e«£ffli-a»^»iitt 

20~2 5-mer) l4fhi[$tl/fcT II1 s^ 5 0 ~ 7 OtiOftlffeSiD-C, ;icDi@.S 
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y<D^-v^— A-^ws^jic: is^y* 9 w7-«Ciot«I-Cfc y 
1. ^-7y/©i (X«*©fiS) ©8R 
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±.m<DX o ft*- v*- *~-*msrtrzx>t onismtm 2 9 *%m-tz z t 

\c£o xm&ir £ ^ b #T-# 5. y dtyt. >/ KOT.ttS tt* !> * 

^y^-y-©Tm = Tm(Y + X) 1 7°n-^<DTm=Tni (x+Y) T*fcS„ T'a 

«J:9fi<,.-t«)S*£»A*Tm tx+2) J:9fiv^»^, 7°n-yco5fiSl-i !5 Z 
#JBWL-c*rfcfc (x+z) £W:/y ^x-etsriKftS,, 

^5i5{-, X«*tt*£fc£<T» X©»Cj;!3a^07 e n-^-fe ; 5'v' 3 v 
<0 T jJSRJSW* i 9 {£ < ft fe * ttfttf ft ftV >. G - C ICtf tfX * * 5/ a Vtt 

4 y<—y-*v v**-\'bWMb<Dm&fi-7xi—7b<Dm&x'!>&& 



■*7Hiffi<fcST?*><E>5. *>5VM4, 7°n-^cD^^Z^T-^lc^tm«, 

«f5<S<ft5-Cfc^5o 

oTV*ft IttUf ft ft V \, Zfl b <DW$.ftWl C* $ T?ft ttfttfft 6) ft 



-76- 



J: 9 fc. ^n-^ga^JfeJ; CM ^-^-gam>5i#©88©±fc£g#T-fca t 
3. RlS*#©KW- 

tit «m fc&&»e>wrc#$. sfttKitH&fc, DNA«FS!a»e> 



IHW^fe^DNAt UT*lBt-5rt^T*t, fcS^WU *IS3i^ K5?^UT 
tSttt, S^**V**u:^KV-**:'*Wy* (PC 

lSfc9 2 5 0fmol~5pniol©®Sffl<Dft©^-!J =^5? ^ K£{£ffl Lit,, -ft 
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*f:/a-:/©tt (2~1 0 0<S©lt^#x.^tvS) lc|«££;ft5ri:£j£li|-t-5 
1-5 HWttlfcWIrt- 5 »©W»RlS:**M*»Ke« LfcMO PS/Mn 



C 1 2 /KC 1 ig®?S*fc(iMg-^WiS«ffi , l'*5<i;U ; Sijt«#<7?T ! - ; ? v— K 
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• * fete 3' immi-ztfiH&m&fr (fcaii, 32 p*fctt 35 s-c«iaLfc>c 

&tt|-f 5 - i ^T't 3&ft38£S (f luorophore) <Di 5 "TttfcaS 
ffl^-C^«-r5wt^<toT^ffl-t-5ri:!i5-e#. JfeSV>B\ -I/O 

#3. 



So 
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7*-?<Oo *>&nmtffm t tt -5« KlSSrBMUfe**** It ftttfc^* Mitt 
^K©KtHc*oT#JlttfcS'7 h-t-SA^o #AttHS£j**H*BI«:7 p s-? r 

Krt-^S-cabSi t«r*iftL-Cl^. m j *<D-9->-7fl'fi'(J' (fcifctf, *&§4L 

HI 
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©f£#®« (X, Y, Z, 02 9) nyfa^-y7h^7 

ifcSo 



98&%m<ofimmi r ©If $8©tg i: * 5 . #£©Mg»#J & JB v vc T y -fc-f «: BWB 
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5. #a*fSCite^- (multiple alleles) ©8S4 
atSdte^F-Sr&HJ • S4{fc;-r5©(- , bWffi-Cfc5. r.©<t 5*=— Xo— «i L 

fc5„ Lf:*iot, f-^A'ip ©*»*»© = *—© 5 %*»|C#&-f5#a-C. 
t«i»****ai-5r.i:!6sa*U\ £©#e"t©*H©£©li##*-©fc«i 

ffltfirT-«*#***-t-»©fcfcff4v^ #38$©#&f:iM»©##f©^l-l& 



£iT!^ti5ic, s«»» *«#»©BI 2 9 -e rzj t*f+itfc^Scrtic i 
^ «»EW©z*«K^K:-abTV^5fc©) Sr*1"5 J: 5^7* 



-82- 



tr MSK£ t . -S: LTV * a -^©^IBSt 5 £ V * 5 ftttTKJs (t £ MS 

Lfciiot, if&1^://u*©*;h,k©lB#ftS*tf s ^£;h-5o 
IV. «A«J (invasive) MS t -T »*IWi: ©Jtlfc 

KTfcjyirt-s* i y =** * K^fflv^rB 2 T^ga^ijrt ©sb 

BR***— /<-?yyi/tv>ai*MbS. -Tft*>*>, r^^-y-j t^*? 
ft5±Sft©*y rf * ? k©— «^T«© r^D-^j ^ ^ 
K©-&#ia>fty©ffll3tt£^L.-C:}o«9, *©»*£itb«Df«f*l*lilU.fc5 



i» t #3 jJSftAftBiSStt^* ft V v/n -^B§S©«l© 2 orojfcfi t *ffig-T 5 ©# 
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\sT— t?lCt9 5' frb3' ICltufroX f-^V ^(nibbling : X>t 

<fc$*-C5' 5taB*»&fi< (fci: 6 ~8, 12 6~2 8#1 

) „ *©J:5*=^5^i6H!fiti-5»ffitt^lt**trv^5J:5(be discreted) 

r 7 ^-(ladder) J <D#ftfc «fcoTjF$;h,3 c. fctf*vv£, firfc-ett* 



«0»*U^»W»a*fP9W-ra«SrJ!.l««-*--t* J "C#* (H4 0a) . 
22,253-5§0 . 
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3' *ffi^^u^K(««3' & r/^/wj ««rtlctt«i-5J:5t««ia« 
3' 5tdB©jE*ft{fcBfcJ&CT» HSf^tttf 5' T-Afc»oT# 

5«Bttl;:*5»taR!S!*fl38-r«J|b«tK:fto-Cv^«rt-T?*»9, Lfc#oT«A« 

flt&ttJIJiM 2 6 lc, -*r©-h«B3J:lFF* (-fftfcfe^n-^) *-y=f*> 

igfr ttMW S *» £ 5 « ft ©m*©Rtt 106 Hr 5 £ & * » 

ft**/*. 



Tytsfx-ti^-rhh. afe»wE?9©apfiE**wr«fcft©#atuT 

^-y drx^u^KOHS (-*-&i>fcfiM (shortening)) £-f3„ *P=f^^u- 
*^K^o-^©«ai*^tHI&©«tHJTy-fe>f«)«li: LTtt, Gelfand?>©*g 
KMTIF85, 210, 015# (*©0|i5iA*H:9IJBlfc£ &lC£9*9]MftlC&**VCV^ 
5fc©£1-5) tCfa%&;h/rv»5 TTaqManJ h9^V^— $/a VP 

CRTyt-f, Urdea©*B»ffl : »4,775,619#*3J;^|g5,118,605# (-t©M* 
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STyir^f, WalderiWalderW^H^fFSSS^OS, 711-5§- (^r©0fl;^Ftygte3lffl L 
fed tic J; <0 *Miffl$t^*^TV>5 trot-tS) H1B«& JvCvattj&W ^ 

y *y -t?-^ a ymmr y *w , * e> wokm* & oKBttifiM, 876, i87^*j £ 

tfSRS, Oil, 769-^ (-t<OP8^rt^«5lffl Utr fclCfc «J ;M!tt#fc£**VO^ 

Mullis:fc < fcOfoullisfe©#n4&fl : fS4.683, 195-^*5 it;^4, 683, 202-^- (-t©^ 

Sstfy t y— ifm&fcfc (PCR) , ^^WCBirkenmeyere)©*H4*« : B5,427 
, 930#*5 J;U^5, 494, 810-5?- (*©BB*f9*tt§UH Lfci i: C J: 0 *W*a»ic-^ 

**i/ci^k©t-f3) teft**irv^5y^— «t«Rjs (lcr).#w. 

g^< *fcfflX y-fe-f Lfc *>©-?& 5 , ^S5**rf fct>o-CH:4v\ 
fc^aTttORJ&aWM* & ttftfi* & ftv 5. T> k ^©& 



[Andrews, ftftftlfc, J&2JR, *y^^7*-K**WJR (1 9 8 6f) , »1 
5 3~ 1 5 4M] o y/l^ h y y^^ft^fW^ (molecular sieve) k l,XfflL 
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5a«^*tHitb-CV>5o 3Efc»«Lfc#JP« (fctx.H!Cy3Mi;Cy5 
V^(glutamate)) , £f|i fc t *.tfT 5 / tfgt^tlfc^S, *5J;tf 



fcWCfeS. — «ibT*W»#lce«LfcTyfe>ftfflv*T, *!)=*** ftf 
KSrCleavase (Sftiffiff) #**©tt©H^©fe/BfcJ:oT*filfrt-5i§£\ 

Srff9WLT» ^S*ifc*K©3ia«ffi«:WS*fc ^^y^ (flipping) 
election) ©fc*«CS^B©ffilt©^{-BafitfcA©SffilC(Rj^o-C^«J$* 
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:©^>f :/©K*ffi L (readout) ©fiBftf(JjStt4j«* t £9t t 

Uio©| J: t> 
) LTV>Sf&fc#fl?£fft£i t «:B»J-*5 r. i: T?*>.5iB£-fc:tt<»K:tffflT?*> S 



$*x#S 0 SUIi«2 4-eB:, jEfc«f«Lfcft»Cy3Sr, *yrf^^l^*^K© 
5' *ffi(C2ocDT5/B&£;frfc^St>:fr-tS2 2-ner (K5B#^-6 1) ©5 

*^K5' - Cy3 - 75/T-75yT - 3' (S3 J; tmm& 6 1 ©^#1" 
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5 0 jEfc»*Lfcf«P«l (fc <O#fi(O*-ett3S0|$tt5»f 

So 
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&tt-mz tv^4x?>) <Dwtnktii%-?hz>o 

£ft5 0 fi^*©Sv^y ^**u^K:/7^-©#:&l-J:?K A©H2&« 
VI. $ -:/(Miniprobe) £«fMW$ (Mid-Range) ^n-T/fcfflVyfc'l' V<— ? 

- asao ft^wss! 

BfFEBlIIffl-CiftMLfcJ; i"<— (Invader (SftS) ) Jt^PBST y 

^12, >t^U**-K»l 3~25i (*fflWK:H:>t^U*^'K2 0~2 5fi) © 
ft^-SrW-fS-f — ^ — at- 9 ^Jt^utf =f* * v**- Ktr 

*f-K (IS2 9#BD , fibW^-y-tU l/tf Kt/n-^t 

S*f"£Lfc* * Kwa^tC^Bf (disruption) S8»SV^^± (5 

HJ8«r'llrS*i/Ovfc^.fc 5 Jc6*A/(helix)K»oTa*«JS:«r t*s-C#5*» 



©«£Si£*©t> t o©j£;ffl r © «k 5 UW ^ y ^ Xf 5 «t 5 KiKW- $ ft fc 

3 o©^*ir^-^- y ^ U^-f" K©^* ib D N AgB?"Jfc$feg;ffl ©7*7 ■< 

x ii^fi^^^^Ki^Jl 8ffl©*$©t,©Srite^.ScT5r t-Cfcofc [Kotler 
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(1 9 93¥) Proc. Natl. .Acad. Sci. USA 90:4241]„ ftbtlZ-MlC- V V 

M&-&tz.ttx7}) v Ks P lit)*y dt^U3tf- K©ffiffltt-f v-<-y- (ft 
V^1-5 2o<0^-y^^l^^K(^#J-rsri:^-c#5 (> @68-C> T«t© 
f- K (nt) 6~1 OffiOSV^^^Vh ( rs^T'n-yj t. r. 

t-CJb*. H8*i6ft*»*riM-$fc©fc. 5=:?P-:/©3fa©«KfcBia!JStt 
Sr*g^i-5J:5.t±JSfE©^y =f5t^W*^K ( U ^- (Invader (ffitR)) 

©S^^St-t-Srt*<^k-e#, Lfc#oT*©fcffl*©=»;i 
tt#&&$*vS. *fc, #^«^y^^v^K©^^«tt), f^/P 

H6 sic^LTfcSJ:?^ t>to©ffi«ic:*5v>-c, *38W©#ifc-ett, 8ft 



i) ~*^T-t iv^W^^ (-*«©««i«»**ffli-sii^. fc 

t x.«SnfKc i 9 r t S) , ii) !8tt&K6B?iJ©$fSl««© 



*X9V*+Y (H6 7t*JJlTV^5i«|Ot«W) > iii) ^W^E^JO 

HSB2^-U^^^^K (06 7l£^£;ft/TV^#J©M$X:fc£tfz) . 
iv) 5' »^*2««««fc|WftL-CtOT*lJ:*>SISIC««J«B«?IJ (0 6 
7©**Y*Jj-tfX) ©JB3«*Sra^U **0*2i-ftt>fe3' SB»*s*2* 

Sr^t?o #fen5«5t**H6 8K:*-f. 

SITIBWU:*'**. 06 8T\ g?® «W*J±tF*9^^u^-K 
) ©3' *^b«IMI«r*i-il»©*»K:^C9Srfflv^*UT*)6 (* 

LT, «ffiK£»#ife3»^tt£ft&©*illfc: r 3 ' j (0^#t)#L-CfoS) o ' 

*fc, -f y-<-y-^-y u*^- K#Ss^B-y*!l Kro_k 

*Z©±iTe;fc»), «*Ztt««X©Jd*©±*-<?*>0, m®Xtt.mWY<D±ffi 
-CfeS (-fftfr*>, fl*YH:§|*X©T»re*>0, *«Xtt««Z'©T«E-e*9 
, «*Ztt*«W©T*"C*>*) ri*sW6» »lfil"fS«IIB©«*ltt« 

Ytotf&g.i.oXi/y h**v'-CV^ajJTH:aie*l»©^C9-C*t-. 06 8li 
M 
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mt>©ty zt^9^*f- K©*fr£fcJ; 9SWa»#4o©Aft5««. -fft 
^^y*-0*fc«tH4*rWf<5«* ( r Wj T'^-f) , S^a-;/© 
*fc»litt*r*rf-**« ( rzj , (MO *y=f©;wc 

«M1±Sr*-t-5^« ( ryj , iaitf, ^^<-y- (MO h%=.-f 

D-^oDP5*©*y^^u*^Kfc«*tt«:*i-5«* ( rxj -e^-t) k» 

WH-©ift*(latitude)^**<ft«. ±e«III«fclB*LfcJ: 9*VV/»- 
y (fci;ttfn t 1 6~2 5fi) Sricoyn-^(DT m J;9(Sv^Ja*-e*te-rS 

*£Jtlcra©fcfiSM:«Mfc*fc Wf , Ufc*SoT««r»»±©B»SBtt©^ 
-:/©Tm£lLh©SfciagW:, T'n-^^yn-^OIBSftL.tc-rfcffife-C 

<o4^-¥- (.mm) *y**9i'*-rvbvi9&9LiNtmtitizm&* 5~ 

&gT-l3ftV\, ftV^n-:/ (tztz.}*n t 1 6~2 5ffl) £ £ <D <fc 5 f-<£ffl L 

©2 5-mer©|§-g"Ci&6 5-7 CCiftS,, *© «fc 5 KK^&X*4Effii-S£K 
^fcStv^r Hf88W©aKR**«>-C»llMt©t>©KIS3feU, -fn—"?* 

[c&J*ir5z.bl£t!:Z>5c Lfc^ot, ^©yn-y^rro^jEfer-ffiffi-f S© 

m<DW&7v—7teWmftt£-7T3---7 (fctx.lil 6~2 5n t) tJt^L-T^ 
ft 0fi< **u*?-K6~l Offl©«SBre*>0»5. £©J:5fcHH^ 
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WRIT? 5 ^T'a-T'W/M' ~? x ) *f 4 V—i, a J'SrHikl-S i 5 fcSR-f-S £ t 
^T-#S. r©<fc5f£L.T, £©©E^J©i6mttfc#S&£»^##e>ft3<k 
5 (w&V>7 , n-7'$:ffr£-r 5 £ 5. $sv«?ij (■*>&:*?*>, rzj T? 

7*) ©SjetttfJllHlcffiTU Ufc*So-r*»W©Tyfe-nc*srt4WS4»d6* 
{41 1~ 1 5**u*^K©t£H-C#>5tf s » ft?D(-IS«LfcJ;t)S*©7 ,, P-7' 

14, 2 0 n tWM<07u~-7\C^X±-?i&'<1Zi><DbmZ'T?i)'9. *fc fXj 
-fcflBttS"^ IBS J: 9 fclWfcWBr 5 <fc 5 {-ffiffl-f 5 E h L 

5*51-5 i, £JP©gV>7*n-7'f4iI?ir** y*-r*y Utf-* KtfTtt 

r t T?fiJ&£#5 r t lift < (*:© 4 5 U^X* u-*^ K#*tt 
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- ©S-T'c -^ti^mcM<, Ttitoafiy*'-*}) =t*.9v*<f-V1&Ft£. 

Kfci< Carv^«. f WW^o-^rifcittiJlT-CB:^^ 
TT*«*ofcttt6^t.orv>S„ fcijfclf, *|8l#©Tffil0>j8(lower end), fc 
ixtfl 1 n tWT-n-^CDii^ tftBW«!lftA/T$Kt>Ot,0©i^ 

, ^n-^T in «t9-foti^v>taa (fciitiiom^iv^) -e^te-r 

tt*»»fc©(iiiflexible)fcv*5frtt^ttfc<, *K*Sfc*<5< 3. 
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tf3 -*y^^w*f-K^©»&, s^vyftt, m?><03j-y ^^u^j-f- 

•rs/^UT^StticlBS^tiSlfP^O-rCiW (-fft^S* (Digged 
M-tmtKteZbW&isfrZ* 



-96- 



«W«S?Ba?iJ<D*-a- Lfc (aggregate) ft £ £ o T»#£gtt 5. fc t M S 

*y Koas. m(fi}mmn%it><D±y?>- > v (* * 

K 2 0 ~ 4 0 «©«Iffl-0*> 5rt^v») WW ffj-g—i/a Vic J; o TIE 

X> h o©& * U >»H6©4§£\ v<- y 9 K t * * v i3 - 

K©g $ {±&X*m 50ntST) fc*f LT XJBEWS: 
1-5 1 ±v\, ^© i 5 ^6Sttr^e>©77 y^y^ y d% ? uisrf KSrJfcJt 
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9) *9**9*'**Ybx9yii~-*9*X9U**Y\t (tztx.tfVy 
(psoralen) ^MSSffflVT) W& h X X V V 

**MT?«ffl-j-5*-f 7<Dnm®g#)*y Y*9\sT-v\zm*. u^nsmftii 

(Lyamichevt), ±»*5«);t5*H#fr^5,422.253^) . r tVO^c: 
^a-y (S^D-^t^HHi^B-^t^tf) ±©R?S 

Jt*i«ft6)*v^i:«s«HR*ixrv^. rttK«fc<3, ±«E©* w*^ K 

©3' s^S^u^KfcHSfMfcos' H^n-^y^^wd-f-K©* 
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r©5lc«K«-«^»-C«3SLfc^^^f-K«r*i-S-r^-y- OMR) *!> 

y#-;^ i^^^ysj?-^, 3' f**J'!J^, 2' o-^^/vyjK- 

77^-^*3^3' y ^»Sr*rST9tr/-^*sfi^SH5 D . 3" y 
>-KSrt>oigS14!JsP-^t 3' y^*fcfcfc*^fc©i:*W*Lfc. y#-* 
«|±(D 3 - = h n fn-/l^> 5 - 3 = I- y V—;l><n X 5 y- 

W y =f * * u^-^ K© 3 ■ *«©) ^S<D^#a«T^o^c 

VII. 4 ft-?- OMR) ^WST;ylri'{C*5(t5S^^^cO*«f I t*PiC 

fc (truncated) ^n-^cOVK ba»©fiJ^j&i##&ttf&##K £oTSa»< 
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(fc t *.« $ -)-fisf***sx f v y vx7*y—g, # y a# y 

^9-0 t>> HS##tt©*>© (fti*.«Pol I MTDNA^y^?- tf 

Dy^§n.fc*fcf*#*t?#/iV^3* jfciB (*y =r** w^K©3' *4S(c& 
5 e Att#*"C# * VV* * I"** KSr^T) Sr**** :/n y =f ;* * V* 
f K, *JJ:OWtt*l»»fe*«Wi"<-y- (IS*) BWHiftfMriSLfc. ^° 

»©i5ft5' 5feSgSa6Sr-i-WUT^Tt,J:v> (5' K , ^>««7 p n-^*fc 

«s©*#4H©TH:fi*»b*^*Mfr*t-) , 7B-^iIt (USSB&tt*: 

CfctfctfT d T) jSi^^Vt'l' v-ffc^* I'tf-f- KHy VK*fflV^T#fi 
i-S„ vSSBSrWiWLfcBiaT'n-^^f-ttftlc, *r©5' fc*^ 
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fcS^li, 5' 7/i^Hr^Wfc:/n-;/©S)g^ MgLfc^n- 
T'Sr, «fflft»tt#y^5-* CfcfcjfctfTdT) *5«fctf d ATPSrffl^Tft;* 
■fS. fcfc, JKDTx^Wli^tlfc (A-m«#iD§Hfc) Jiai^n-y^T-t 

H6 6K:*Ufcfliri. TdTHWU-f^-y- QMO it^PS©#g 

MgLfcRNA^o-TWy A#!M 7— tf«rffiV^T{#fi 

nested)*'; Ka^««rH«h?* SSSf&K&i: ttJWr-SaHBfca fcT 

#£IM(nonteniplated)*$tt;!jn©&^ «IWSJST?iiJa©«K©#&«:^ 
Sfelc, TdTigttK, 1 5#©KJ£-C4>fc< tt>7 OOiBSU:©**^:*- 

JtfcSUabeled moiety) *M«4^fcf**UT*JI«**lJ:**r*'>^V' 
6 ©i^tc^-f. r©«S38$*ifcg (»£) tt, **u^Kfcilfr&S*MfcJ:* 
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^^a»Sr^UTS»»±J!:aM*ix, - ©ffi» $ fcSUJt LT«W&B8 
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ick) -efe 9 *«fl6f±Sfc«r#ifiM- 'J =f* * K*£4i-S ± 
5 ic^es-r 5 £ , W y-f <- ^ 3 J: "TfBK: 

(fctxtfGeneConibG&glK BioRad, Hercules, :* U 7*A-=7*N 

««:#*b#*. -fJ"*-*'- (AM) m^MSTs'-fe'ftcisv^-CMg'Ufctt-iR 
©*«(H:»**»©v^<od»©1W»KJ:o : CllMi*S»t*. *< £i:T?Htfcv\4* 

5 r t ^ V # 5 IHaft:o*B:, T y -tr-f Si£ t» telQI $ jx 5 
IS 
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. zti-?i>BmmmL-ttmmmc r^u^it (holds on )j , mo^mmmm 
x.t£. *mm<Dj^-y- (.mm) ^mmr y±^\z.^x^j%9 

h 7 * 9 v*?- K£ fcttSS 3 OSM<D&M<Z>*% £<D*])**9 K 
L,1tm&7-*frbftfrZZo\C ■^n-^rtfcttiBliroBi«fcW*l««tt« s t> 

*wmmx^Ltcn$sRmmz>-mL (readout) x$> z>, ro±54^*5v^, 

*<»WC#*v^H:tt-t©j8fl[KHIW!6SH15. 
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ft 



-f i/i—?- (fig) »friaa!Tyt-fCttfflLJ:5i:-fSII***A1-5R 

*Jt). *a*ftfc#*jSttott!I*fcBJS:fflK«||R*an*.5t>0-eH:ftv^ 39 
lc^|l**t6»Afc>5i!6SHaEflso»l©3Srrti:t'rtt, dnap^s' 

onim&ffi&0&*ie £ o "riet l t © Has© ^ v/< ^ st-etta d» o fc 

DK*bfc#5HR(n&-forked)fll3tSrBII«r5lB*» -*«Sr^J«bfc«©5 ' 
5fe«*»63i*y 5t * u-7-<KJ:oTJ( * i^^-f 1 K«rKt*f < if 3££ftfc 

(nascent) ©ffc&#*> 5. rft6>©^tt, BHAK^j-J: 5 4*ffl7?W ©P 

IX. CFLP(«»ja*)»"C*ffl1-Sfc«>©iJfeft*ftfclWH 

*WlB#«t , l!:***ftTV^5ia8*J, 3f0**ftfc (7t-^^^Lfc) 
MgJ«ig#tt> -ft«3S***i-* 1 K±©«* (ift(clB££ 
ft5t>0"CH*v^) ftifoB«*»KJ:9W!*ft5*] 

, Hl6fc*-*-. 

#»W«#«!©ail**ftWi-*»»cH:» rftk©^9M£ftfcftji©«ig#fc 
^53fct^8^^©ft«Jt^*ft^©tt*©«iit»K^*«JS»JI»» 
^©^ffl^%A$ftS-e&5 5. mi6©«it^±lc^1-M^SPtt{i. W^iUT 
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LT, *ISWWCFLP(»«iffig)T5'-fe:WOlo©|ll£^Sr#jS-rSr 
fc#"C*«. CTlP(WWHOTyfe-feii, Mg!St)©#*tiu flNMnbOV^ 
oa>©#ii!tl££tJS^$ft5<, iKo^ffli^lCli, DNA (l-Jfetofc, DNAS©) 
tt. *>44«e©1B3S»*W5«^l'T-1? Cleavase(g»i$«l)BN*:?U 

*wr-* (riiHc, ii&ssiNHMNitt**u *©fc&, mtt^m^mm. 

K!»J*Wf OlHIB-ffttlt U K©»«# rTIB*|» 9 *9^T-fc 9 , ffrfr© 

^WfrlMX (iS^15~20nt) iC*T'&-St©T*foSt#^^tt?>o ± 9 fKM&/< 
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t6tt#*<fc*. CFLP(«R|flMi)/-«^-v©BI«*JJ:W!MC©»*, *fcttH& 
©feS»rK-©Mg!jfia ^vK©fc) *-0»*o«ffllcJ: OS® . 

^9^K**U4V^BS»JM&>c^UT-*©«lt«B-*-*. Pol 
IffiDNAJK U p« 7~t?CD5' 5? * U7H? t |i3«©»R#«tt£W-f ^K^ttiS i 
4i»att3iVK5»^ U7- ^©^^^^HS^ilTVSo rftfctt, FEN-l (Fla 
p EndoNuclease) . RAD2*3 ± tfXPG (feSttStSffiffifltttiSG) HX'h?> 
. rtLfeW^^^ftttDNAlKHtM^U Hl6BlCia*tO*f f ^4:IWtll, 

£ t § *vc v n 5. JKMMlda J; tfffi* Jtift£4btt fe tfKSIiga* & P«I©DNA 

*< *lWRfti:tt*fc0, FEN-1* Hl6AKl***fC 

„ FEN*7*©*£W7— -tf«rje£LTV>5£(fttt, -#$©DNA_Lt;:*i^Tt,, 
BBg»SBffi©±«£(r^7^T-«r^<#3t«: («*.«, Ell6Al£iE«t©t>©) ±fc 

Sifi, Wmw&£XH57r—V5' ^*VZ?^7-1i<DE.&7tM : & (®69) 
Xi^|Hl0TlC<t 9 jfcS^ftfc (KimP), Nature 376:612[1995]4o ZXKeskah, Na 
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ture 382:90[1995]) . ^^©200^^ T 5 J 8£H08i£H£#i8fc*t 

y*? u7- «ffit©*t>K**4*«H:. m^^<^W<om\±Ui<Lt 2o© 



o^y 6 (069) „ DNAPTaqCOr 

<nmc&m<om&mmtt*im-?bv , c©^t»> £*>Mt#sftic*tr (fl 

exible) ri«r*LT:l3 0* Lfc^oT, *tut±, 4MBS*t-C^3=ft7G*i6fc 
tt^$tbTV>*V\ — T5 5':t*y**W— i?fc^3DNAPTaq©5' * * 
T— £©=^£#«>£fittfc:S<5t7tf, *fc, DNAPTaq* «©*&»Jfc 

s«f©7 $ / m& a ^ y 3, ^ * ©^tciui Lfct©t-J)5 r. t trS^tftf, 

DNAPTaq©5' 5? ? UT— tf Ky--f >ttl^-«5g^LTV^ "im&tfhZ>„ DNAPT 
aq©5' * * UT— If K^-T J: 5 fc?LSfctt*©#fttt, ■?:©«©#£ 

mcm^T^mZfltz (LyamichevP,, flftS) . 

WIE«ji^SrWS<0fe«)^aEL<iattr5fe»^tt> M^«5t*»5' 7-AriS 
ifE©5>*A/*iT-f- i SrJtiiL*»t*ttf*e))&V'>t^$tbTV'>5 (Ceska?,, 

gLftv^om£<gflgLft^*:gtt MZ.t£> 5'7-ix©-€:©<fc5*WiI££& 
f/VtUtlKUfcie^feli, Cleavase(3£«ii&IC)BN DNAP Taq 

\z.&&i-zi>K &#yy 7— i?Ky^£-£*b&^) tt^Mtoffcofc 

(IQfc«2«r#M*ilfcV^ . **Ui, DNAP Taq©£5' * * ~ \!h'*<<>& 

wto*mv>wm**i>it. #js9i©, T-^i8p«g5f4, DNA^y y 7— tf©5* 

^ UT-* Kp»-f Vtcl8€**b5t>©T?H:ft< . MSffitt-hoWtti: L-T-?:© 
ThermusJSlC63fe-f-5DNAP^S^-r65'^^ WT— tffclHlfilfC ThermusJH 
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«©fc»o^Bfr— t?*3W^i-«»frk:tt, * i iaic*5vvc, B'j©swa:-e© 

M£!£H LT*UE** >^fttV9eti r 1 1?*3 5„ DNAPTaq&iW: 
leavase(S»iSflQBN;** VT—MOWijj*, XaH^So £Xf h n V tfVT'BfT 
— T— tfBHMHrFTM' y^^-<- h Lfc. iT*>f>©5? * 1/7- 
if* W?^5tt>5* * * l/7-f -< yrt-CXaH^--C§)»f £"£?>©:* 
^ 1/7-f h c y fy-C«$tl4^ofc 0 Lfc#o-C, Cleavasc(g 

*W*#Kie«0^o9 l r--tf/Cleavase(«»jl|||)«ftO»^^ XaB^n 
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v^tt, t+zx? u7-v<Dmm\zmM&ftffl<L-?, zti 



Clcavase(g&j&g)BN;? V^RfclS^itSDNAPTaq? a — Wt-fe^^ V h . 
0 DNAPTaq(DH^5cfl|jt*3<ttJ ! T5 5' V % 9 1/7" € <0*it©iW^Sr##t L 

K=»- .Hkr $ y ^sa^ijLvpRGs*, * ixr-if ae?-©«Mfc*iiR]A?j£&£ 

£*8»t 5 7 $ J &r-b 9 , r ©7-^©=&7C#jilc:fig!&»fc L*ufev>fc«>, 
hnyif^giSIS5ttrt<D7*n!J V (P) i§^f4Cleavase(3£llig}f )BN*©^ 

>/<99t<07 $ / ftMicttBU w^Ke^©^©*^*^ 

*S*5 J: 1*7 5 / U »fc«*/u#*S//U5|t*HaS3e«T S / &891C& 
rc07^n-^l4, **E?!W*£<*A*;M\ *-7 5/^f$> 

■fSo DNAPTaq©^S«igt?i4, 5' 9 UT—\f K^'f V©7 $ /^SSWo 
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«pfctti6JS4**ft !> — W KgB^JSrffiffl Lft < T t , E&tt-g- 
n-=i/*M3j:tWS3ltt:» Si&#fC&ft©^i!l&ftPCm&x.*5J:U t 



hfcfefc3£» (Wittf, **H«^ (Kingdom Archaca) ©?Sg#S&«) M&ffl 

fife***, * ©i 5 ftT y-fe-f icg^ftSWj&ttSr^ L 5 5 1 #*. bix*. 

«fta»EM-a»»RU» ov^pTttftlS9^*©*JISrBy0rtfcW+S^9>f 
-r-*a*J-t"<5*«feT?, in vitroi#<g (PCR) JB©^?-f T-*«IH-*fc*fc 

FEN-1** 1/7- ^S:=-K-t-SDNA©*i#|^^r«g-CS>5o 

^»cf*«#$ttTV>ftv>|M«!iSB?iJrt^#&1--5ri:!iS, r©77^ 
y^h*»b»«>6n*. B»&*t5ffi5S©Sfl£«:, K^V/<^Jt!iS«K»»tt© 
WftXtt®*ft«S«r*Urv>5orffitt^&5rtSr*ifiUrv>S. -Tftt>*> 
» tftfett. *BK©MS«jt^Jit?a*©i/-<^©MS»tt^bT^5Wffi 



-111- 



<od>©H»jili, ^*U5i*&* L< ft^SR i Stiff fc©tgEftMB£fOT-fS 
II 



33BvBlig#&ft);** 1/7- tf©^-?©^©*;*, rttb©^^ l/7~e©t*ffc 
ife&SfcS. rtvfc©2£A±©^^l/T— ^«r*-©Ts'-fe'1"t?ei : fflLT, -€rft?> 

©** 1/7— fe?©#$b^ iSfillljSfeifclSiUfcifr&Kafflbfc^^ttWRSr* 
#»W©* * 1/7- t?©«* ©«***--©* ? V7~tf*W9T*£fr$tf S 

Msn*. £*t,&»£l53 loom **y>**ft©fra©«£©=»— 

HafcSrSW+SJt^c^feit^afciSfc©-?*)*. *©*5fc** i" 
7— tfO«^i8j;t;/*fcttiBj«*rlRSi-«'b©-ett*v^, ^T- 

C*t6©*a«*tt«MSlLfc«IB**fc-f*»t)bii*VN^» V*oT\ 
ii6)©*«BiJJ|BI-©^*=XA*fcHLW-©ttlB»tt ftWB(EJ6£, 
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«»tTfc<, £C5SSE?iJ©#tt (fl&A #7ktt, jE*fcfia««N 



©*fl: Sr t fc b f *» t> b-H * v \ *» W«T y -b W "CflMBf 5 fc » ©if 

1. #3S«fJIW^^wr— STyfeW 
fete, tffSDNA^y / 9— ^OW»fcBbT**«2|!:Bil*nTk^©i: tit 
>r-*«#W*JJ:t;^9>r^"-»rtlW (primer-directed) HSfcttttSMgN* 

*»WT?*MB-t5FEN-li3j:tWPG 5' * * 1/7- t?©i£tttt» J Hx&fc4tofl'*- 
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to-ettftvo (cFLP(«ftiasaDifett, mmmmtmw337, i64#, ^08/402 

,601^ ^08/484, 956-§-*J i T/f?08/520, 946^- ; mio©aig©P^£r#!$k:J; 

v^wmmmz-xtizz-t t-rs) ir*3v>T^b*im«*p>^v\ invade 



%9\sT— ^i:UT|S«4H8ri:dS^rtgt?fo9, fc8VM*4 b&Aft&HKtit 

m\c x <? mm 4 1 ^±©-g-j£;a- y ^ ^ u^-f - k*» e> * 8. * © «t ? fc^* 

W^KE59iB«*^ *©±5K#T«5§*ft5i^«4*b8„ *K*B#(c|B«© 

•?7A-?-mfato\ 4g8SSrftfH-8fc©©iiiPW4^©W^y jTsfH—Z' 
a ^&RTtlt;:-t-5©£+#Kgv>3' T-A$3 itK^fe*^*©**?©**:* 
fc!4?F#:ftt?fc8o H7Hi^-t-ffit?B:, S-33*J ±tfll-8-0l8ii#©-fie>^© 
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-mb"&As<OfflmMti&V<D£feikBtiAy L ^^^-^(Antaob.Nucl. Acids Res. 19 
:5901[1991]) ~i.tcti. Y- V As 7" (Hiraro<b,Nuc. Acids Res.- 22:576[1994]) ©ft 



eH23Jr|B*fe©m#*e?£ (charge reversal method) t^VT £*b&©Mg&!l© 

#40) 'SrSatWllltBdrt-*. ^^-©^RftTF-m, :^7fy 
#JMRSivC, 18*JJ:tW95«^u*f-K«©5'T— AWJtiP*lf**l/5. S-60^ 
T tr V<D3' 7-AICA/f ^!)^ XUfc#a-tK-fi "Off **■ 

■5P-14 (5' -CGAGAGACCACGCT-3' ) (IB?lJ##122) iffc£*l,5;*-!J ^ * 

«AttHSSrit»-f5fc«)^tt, P-15 (5' -CGAGAGACCACGCTG-3' ) (IB?IJ#-^4 

*^y**fc«4IUMfla*©ttfl!* t"?^ ^-£S-60©3' T-AtwPfl©-^ 
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5. 

a©«Hfi»JI«J5i^ UT— ^SttSrW-fS r. t £7* LTV VS. rgfH©«ig#M 



3? 9 UT— SSttJ tt, * UT— 1?# 1 £t±©Wfc^7-SrM«-r 5 £ t £ 

*"*■*-* fc+rfcv^ H8#j«#Lfc£**S*iafc«>li:tt» ««3c^ut— t? 

/I^^* (Archaeoglobus fulgidus)) ; Mth(^ 9/'<97- V !7 A-lh-*;*-— h h 
n 7 A (Methane-bacterium thermoautotrophicum)) ; Mja(^ 9 / 3 • 
■Yf-^* (Methanococcus jannaschii) ) ;Pfu(t°o 3 s>#;* • 7 •> (Pyroco 
ecus furiosus)) ;Pwo(t°o 3 y)J7-.- £7 — £--f (Pyrococcus woesei)) sTaqCv 1 ^ 
AX 'T 9 7f (Thennus aquaticus)) ; Taq DNAP, DNA PTaq, joitWaq P 

ol I (T. aquaticus DNAJtf V 9- ;DNAPStf (DNAPTaqW* h 7 ^/WBfjt) ;DNA 

PEc 1 (*Ji§®DNAsK!;p<7-— ;Trh (x/WA^ -tVI**? A fr* (Thennus th 
ermophilus) ) Ex. (jHfiflU) ;Fig. (glB) ; <t (SftSS) ; g(fi##) ; vol( 
mO ;w/v(fi*S*«a> ;v/v ;BSA(?S/jiiLttrA'7 > S >-) ;CTAB(-fe^ 
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h V * fvWT V^^^n * K) ;HPLC(i«5jEgft* n7F^7>{-);DN 

^);Mg(^^^n^9A);pmol(fc°=i^-/W);ffig(^ !)^7A);M(^/!) 5/ WW ; 
mMU U^W/U 3> h;U);MM(^^^n^/U/y y h/W) ;nmC*V ^ — ) ;kdal 

iVir^J V4 y?*i/T*~ b) ;SDS( Kf^/Hffl^ h P ;NaP04(y 

h P £ A) ;NP-40 (Nonidet P-40) ; Tris ( h V * (t Ka * fyl/) 7 ^ / 
^ ^ ^) ;PMSF(y ^/W^tf^/l^/l^y K) ;TBE( h y V— V -E 

DTA, EP*>, HClT?B:*<*9»-e«S$n. EDTA£^mris^«$);PBS(y :/g£ 
;PPBS(lmM PMSF£^tf> V >mm£M-&&k) ;PAGE(# 97^ 



y )VT % Vy/VtiMftSti) ;Tween(# y y/UfcT * ^) ;Ambion(Amb 

ion, Inc., Austin, TX) ; Boehringer (Boehringer Mannheim Biochemical s, Ind 
ianapolis, IN) ; Dynal (Dynal A. S. , Oslo, Norway) ; Epicentre (Epicentre Techn 
ologies, Ma-dison, WI) ;MJ Research (MJ Research, Watertown, MA) ; National 
Biosciences (National Biosciences, Plymouth, MN) ; New England Biol abs (New 
England Biolabs, Beverly, MA) ;Novagen(Novagen, Inc. , Madison, WI) ;Perkin 
Elmer (Perkin Elmer, Norwalk, CT) ;Promega Corp. (Promega Corp. , Madison, 
WI) ;Stratagene(Stratagene Cloning Systems, La Jolla, CA) ;USB(U. S. Biochem 
ical, Cleveland, 0H) o 

35«WRttDNA*9 * 9— 1fC0#tt 
A. DNAPTaq<D5' if&tt 

tf»«RiS(PCR) [Saikit, Science 239:487(1988) ; Mull isfcitf 
Faloona, Methods in Enzymology 155:335 (1987) ] ^tC, DNAPTaqte^T-Ctt 

«v^o<DSJ0dSH 6 testis (^TtT>'fl|3gttEyo#*l5'C*)5. T^-Y^ 
-fiE?iJS^-i6~i7T*fe5o ) o ^^DNAiH?iJf«ixgfr-eSf^aAy-e-oco 
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5 fc »K , *38 W# 5> tePCRtf>30lM * t K r. £D D N Aga^iJ Srifi<g-f 5 DNAPTaq 
*5itfDNAPStfOl6*Srttttbfc 0 ^J**!> u*f-K4rWisconsin-Madison 
©*^fcfc5Biotechnology Center*^ Lfc c DNAPTaqSo «fc tW)NAPStf SrPerk 
in Elmer^&A^Ufe Cfft*^ AmpliTaq DNA# U ^ 7—2*5 ± tfAmpl i-Taq 
DNATKU^y-if^Stoffel^fit) . SfDN Af*pUC19l£-#^ffiT^ n-V 

5:ga?lJ#^16-17i LTffi«+5. 7*7^ T-BW#-&17ttH 6 * T^T fc e >1» 



7— n&BRfoi&mom Tris ci phs. 3050 m li&y&tpicx—^—^J 

A^7*5 KIRftDNA lng, -tJx^Jx^^^^ 5pmole, *jX«?tt^dNTP4 
O/zM, *5itF2.5«y h<Z)DNAPTaq*fcf^DNAPStf«:-&^V^ 0 DNAPTaqgJ&iR 
|Ctt50mM KCl*5«ktM.5n*I HgCl 2 Sr£S*fc 0 fi*:/* /W*30*>f ^/Wf> 

lC95t:-C30# x 55 < C"Cl5^W*5j;W2 < CTl5>MT?&ofco -tn^ti/^SJS^io 
%£45mM Tris Borate, pH8. 3, 1.4mM EDTA^ffM't 1 6 %*K U 5 A-T 5 K 

IS**rH7K*i-. ^ffl^£DNAPTaq( l"Tj i LT***t*)T?H:ft <DNAPSt 
f(W: rsj t LT^£H£)^£ «9o< ofc 0 #5S93#e>«\ DNAPTaq co^c ^ u 

*L«3&^f^SrKiH-«fc»lc, H2«#y tf<MMLTPCRfl>41Nr**' 
*(D*ffigia5'T-A^3S^4:itKLfc (08) 0 DNAPStf jo <£ tF 32 P-5' ^ffi^S 

0< ofc 0 ^(DDNA^5 , *ffi^DNAPStf^^i^<DNAPTaq^J:^M(D^^V^^ 
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H 9 -UttDNAPTaqfcJ: 9 «4g£;txfcMg£££#tt&3£-r3 «fc 5 KRH-S*t 
fcH»©»**^i-. Wcr&fc&&H89, H8!RiS*B:^-W-*aiOMl©110 
mM Tris-Cl, pH8. 5, 50mM KC1*> iVl. 5mM MgCl 2 fO. 01pmole$^t£$;fxfc*ffi 
S^TfyDNA GMMMtft* h?fKt>#ft1-S) . 1 pinole?"? 4 
(3' T-Atcftffitt) *J itK). 53-= y h©DNAPTaq(0. 026pmoleT*fo5 t &M) 



©KC1&WU ^^m^^lC'ffiffl LfcE*««FlBJ3it«a«*fi*©H»t^ 
fi^«rMgcl 8 *fcttWlf«>KtnR:J: 9**fi08a*-?fll*&Lfc. £££20mMEDT 

A*5 itW. 05%^-#-fe3S£^tf95%*/l'AT/l'7 ? t K (ftlhJMR) 8 ft 1©85 
iJDlCj; t) •?:tl/t>©^' y^a^- v^a VJUE-CfW: L/c„ National Bioscien-ces, 
Inc.^e>001igo™7*5-l'^-^*fy7 H>i7%«fflU, !> * h S*ifcT 1D fl- 

£ffl£L.fc 5mM MgCl 2 *^ix6©tHlEfcov^iaiflfi©ftSr#*. 

Affc5„ H9AttWS«rT>riBliii-aKiSj«»©«3ttf*>5. 5'*4a«|»^Tf ^ 
DNAW'fy+a^v'a Vtt, ^£;h,fcj£#£ffl^T55t:^30#ffl^4o;fc 0 

yUrvttYW 09Btt^^7V^-©*£T©Pflg{©SMtK:68t- 
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\ 



^ V * * ^©V vf *v t> #H8!RJ& trX* U ft V \ RfS tt25t A> 5> 85t 
0 9$r#fiibT, y^-f-^— f4^JDdNTP<73?F&T"e#S^4xft^o Ltf>Lft# 
(■ 9 A) ttD N Alf©7- A ©Pfl fci&Jjfc SftfcffiV * -agi©#®r iC £ 



fc. g«Sitfc~a:mo**gK:*3tt5M?3tt, ^?>f-r- *«»U*v^H9A 

r7^-©3**C©&»ilSS©H?£ft^Ki>#L#5. m^*»^«f«r 
7"7^-©*£T-effofci»* (B9B) . Mmtff5-m£Mb%-&&#<7> 

*JWfe*»K:ftofc. -cwm-si*, §s^s*fc-a 

KM^7'7i'-r-©3 , *Sgi:S«-m«©Wic#«-t-5B$, BUMfBfifcttB'JSrfljK: 

HI 1 0 teT^-r-^y =fj* ? vOrf- K©#«T(ElOA)*fc«7FftT(HlOB) 
©MS©iiSSISrE«-f 5o 50mM KCl(HllOA)*fcl*20niM KCl(H110B)5rfflV>TS 
f55r55t:-Ctf o fc„ ££Kft y T ^ y AST % YV^nMWW)K JaV&M 
U mm<»9:Z (HMft : * * I'**' K«) £^1% -r-*-*:*-*- Tmj (15'* 
iB«»i9-nt*!>=f5t^u*^K"C*>*. :jxf>oi*#Tf, El 1 OA:fcJ:tf 1 
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OmM-eW »K 150mM KC1-C^-C$>5„ *fMWl-, ^7^-7-©WC 

ft, ^-oS*i!i s 20iiiM4T*KCl^S^<tt)iiiS$^5>!l^ £*Vfi30mM£l±©iig 
-efilT^ttS, 50mM KClT'tt, Ki£as»i*^£fcMl1HSil5. 



S^iia^T-Acoft^^itt^^tvS. 7 P 7'fT-*iJ;Ut50iiiM KC1©#£T 
•C, 275*? K©fi*T?fc55'J|fi©IBSHt55t-e2»£JlrtlC|IK«Ht^» 

i3*tfcja^5fe»li, fiV^T-Atr*1-^,^/!iS*^^-&#:(non-productive 
complex) f -CflJffl^rtl*»jRSr«^6t{C*»b*V^i^i-o rjlfcOSrStt 

tfHSu*) > rft#***?>< z.(r>®m*mi ZWhZo. 
«»o«v^3'T-AK:J;9»W*n*k v ri*»W€)d»T*)5. *©te©}ilK-?te 
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S1" SDNAPTaqCDfg^ fi# SC«e j f-«r*ttPCRS:fta{b+ 3 CO iC tttfcSHt 



B. ^Ofl!l<£>DNAP£)5' 3* 9 l^T— ifffiffi 

DNAPEc 1 Jo i UDNAP 9 \s S ££rPromega Corporation^ bA¥Lfc 0 n =» y # 
X 7 ]) 3r & X (Pyrococcus furious) [ Tpfuj % Bargseidb, Strategies 4:34(1 
991)] <Ddm\*Streitagenefrb<Dh<DXh<>tCo "r/^^y^^V r-7P*(The 
rmococcus litoralis) [ iTIiJ , Vent(exo~h Perlerk, Proc. NatLAcad. Sci 
. USA 89:5577(1992)] (^DNAPttNew England BiolabsJ^feOfctfVCfcofco TA* 
y 7^(Thermus flavus) [ l"Tf lj , Kaledinfe, Biokhimiya 46:1576(19 
81)1 ODNAPItEpicentre Technologies^ b <D t> <DXh 9 , *^lf;^^ 
^y ^/W^(Thermus thermophi lus) [ iTthJ , Carballeira£>, Biotechni-ques 
9:276(1990) ;Myers?>, Biochem. 30:7661(1991)] 0>DNAPttU. S. Biochemical s>6> 
h<DhV>Xhitc 0 

tcmmm, *fc*J*10inMTris CU PH8.5, 1.5mMMgCl 2 , *><fctf20mM KClSrttJBL 
0.5««/ hO^H^HcODNA^y ^5^^20MlS^*-CTyir^L 
fc 0 SJSi!i^^^*O^DOBtI^72 c C^ffiofCo 
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-<D#&TT*55 < CT-10^Ffl*fcl*7°7-f -r-^ffiTT'72t-C305>ffi-r >*=l^ 

$ : 3? * VXf- K«0 Sr^-f. EllBI4DNAPEcl<755' 5? * UT— tfiCtSm 

>- K5C ^ Utf U y * (endonucleolytic) Mg^-To DNAPEclgJ&i&fc £ tfDNAP 
9 ?KJ£i££37 < CT?5 ftllB'l' V**^- h Lfc 0 DNAPEcl U-^ (-ttl^ix 



fc, 07Btty7-r-?-»#ftT(+)4fc«^ftT(-)ODNAPTaqS:jS^^-f-<. -tt 
Lfc, 

^-Ct*V>. 3 y ■ 7 !) t!?X*3 iVf/^a 5-*^ • y h7!)^H© 
IJIWr«jEiW»#*fcEW«Wtt«r»if**U*V^(Itob, Nucl.Acids Res. 19 
:4045(1991);Mathurt>, Nucl.Acids Res. 19:6952(1991) ;£fcPerlerib&#JS© 
rt) . ElllB*#figLT, MttPBcitt*fc*KfcBMW-<&aK #b*tSM»S4fe 
ft, S'mVK^l'T— £#»*9£ft*^R9*HiLJtV\, DNAPEc lioi. UWAPT 
aq<05' 3? 9 ^©7 5 / KE?lJ(4iKl38%tBl^tt'C&5 (Gelfand, ± 

DNAPTaqC05' 5? ^ WT~t* << y :*7T-^T7CD»^?- 6 

(Ci 9 K£ftfc5* a* 1/7- Vbmi9%mm&*&1li-Z [Dunnk, 
J.Mol.Biol. 166:477(1983)] „ DNAPB-g- ■< ^\C^^^ti.\^Z. <D% 9 
V7— ^\miB-fy^^-<D^TX'±.^5' % 9 V7— It ± 9 9J|f **c5«BMtt 
tra«*fcttra-©«Btt-T?DNASr3i>'K3C^W'^y^K:BISi-S-i: , t)-Tft 

So 
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C. Yy^xMgl 

mm^ULtz. Wny h*y =T** 1"**- K] i#$*t5»^«*ltt*9 
136 i:) , — h 7> K(D5'^*£tt5' T-Afcfcofc. 'U 



-SrfflitUfc [Antaob, Nucl. Acids Res. 19:5901(1991)]. 2»<ZV^Byh 

a-y ^ u*?- KftH l 2AIotH\ *y =fy * w-jJ-^ Ki9-i2(ejiJ#^i8K 

30-12 (K?lJ#-f§-19) *3,tt?30-0 (E?lJ#^20) tt-t*v£*L31* * Vtt Y\ 42 
5C^W-^K*fctt305?^ U-^KO*$-C&5. U&»l>i#fe, *}) =l%9 V 
K19-12(gB?JS-§'18)*5j;U534-19(B?!l#^-19)HL-?-n j eni95t^ K*3 

i-ffiffitt-e&s„ /-w By h^-y ttiruxf-Yttmsvc (19-12) *5iu^75 

t:(30-l2)T?-?:ttP 3 ©ffiM^ ; SriB!»-t-5«t5(c:ffii$ix5 o |*©^nj/ M* 
ZfibW *4S-ei2? * K4r* U rnbB**S*^9-f -r-Srft*"*- 

, 2 flt©aW£tt^ B y h*}) H** KOflq£T"T?-*H* 

ftDNA SrDNAPTaq t bhKJ V**^- b L1t 0 M$)%> itf^V B y YffiW 
##tt£3*tfcV* h^V^BISgJ&jKHU l^ig«jK©^a20^1>f (CO.Olpmole© 
¥-*K^SRDNA, 1 a=:y b(DDNAPTaq*5j;TJ!5piiioleCD/-<-r DyW!) 

^*>*TPCR^4ilfcr*«UHtDNA4raHtL» fclCRl&OfigSrtHfe© 
y^^—i/ a Lfc„ * y ^ * K30-12*5 J; 1*19-12 

OKAS* h 7 V K©5' *tto»6>85** - K*5 *tms * K"C*)5S® 
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H2U25fe£:206-nierga?iJ (gB^J#^32) &^-f 0 206-mer^PCRlCi 9 ffrKLfc 
. New England Biolabs^tim, ^#-^-1233*3 iVl224) /6^<DM13/pUC 

24-ffleriS»ga?lI*^ffl (-48) 7*7 'f J3 .£ tfM13/pUCg2JIJ&5£$ (-47) 7*7 ^-v- 
&KjgB?'IJ££tf#l®(10ng) i UTpGEM3z(f+)7 , 7^ 5 K^<^ *-(Promega C 
orp. ) i & 1 KUtflJ U^c (*■ ft«-l50pn»le) „ PCR©3M$f*KT<Z> £ •? "Cife o 
„ 100/t 1020mM Tris-Cl, pH8. 3, 1.5mMMgCl 2 , 0. 05%Tween-20tJ J; TfO. 05%NP 
-40Sr-&tr50niM KClf 50 nVKD^t fl^tinmPH &lf2. hOTaq DNAjK!)^ 

5— t?. SJ&5r95tT'45 

U\ 63t-C45g\ &{C72^T*75#T-35l§IlM:^L;fc 0 W^y^i^ 
&72 < t-C5$)ffl'f V^r^-^g >-UT^t>P>*fc„ ftkttS »f>i- ^ (45mM Tris 
-Borate, pH8. 3, 1. 4mM EDTA) <Dig*j£f 6 %^ !J V )VT % YVfr (29:1^ 

*) <fc J: U 3:7^**7**5 KSSfe*fc»*- h7$?* 

:io*:# (H12B, U-V1*JJ;T^7) , 75 < CT*(4ewb^^ofc (U—V4*5 

. fc £ x.50 < CT'»Kt>O«^«it^KCl©?FftTT*7 P 7-f ■^-#fe#ttMSS:^' 
fjEICLfciLTfc (B12B, U-^9) , »Si»4^*D^-y =** * K©=Ffc 
T 6*3iO!l2) *fc(4iK)80 < Cr'(Eif>^^ofc c SRDNAICffitt 

lc-ciB8!Sr»»L*d^ofc (u— >l3*Jim4) . rHt, MS£J£<£>#Mtt 
HtSKK«-J-5«ttttoa«i3±tW ydra-^-^a 9pgfiL#S 

o 

D. RNAtDBfigJ 
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„ [a- 32 P] UTP(D#fiTOT7 RNAjtfy / 7— £l£ J; 9 0< btltc R N ASK 14 
B12BM LfcDNASKW*4»WMlCffi^-rS„ Kf&£#tt±BDNAS 
SI-ffiffiUfc^t^T-fc?), 50mM KCl£/Bvvfc„ * f**"*— «/■ ^1455^ 
T-405>WT'foofc„ Lfc/^ n y h^-y U^-f" K&30-0 (BE?lJ#-5§-20 

) H13AK:*-*-. 
MSSfS^*^lli3B^-r. SI6*BI13BK:^**1/SJ: 5KDNAPTaq£fctt 

WftttfcifcK:, RNAMg?©i§-£, 3*T-At±^ay h*y *X*V* 



O^^&g-C R N A fcSJBH" 5 £ ^ffl 3 *t 3 WIBRNaseHIC i5i:«fe*y#x.^ 
JVfcV*. DNAPTaq<D5' 5C * W— - fe? fi^T 1 n rUWOS' 3fc48ttja<D*-gB& 
•C R N A £ 5«jt#MttRNaseH-?$> 5 . 
*< r tie, 3' T-A££V>-Cl^:ty - KttRNAiftoWlft 

NA*HHH"3 JMM-fUi* #JBJH£H9miftttitilM£DNA£ 

*%W% <b Wt, ^ffi«tt^7 W ^-©ff&T^DNAPTaqlC i5RN AM© 

M8^, ^lc:iMPTaq^^fi^^o^{caffi1-5SJStc:*5V^TRNAilS! 

£ t£%ti^fr*%m. Lfc„ giJ^^ttDNAP, DNAPTthf4Mn++(7>#ffiT-eO^^ 
*>5*RNAfe«ffl!fcL-C4tffl"t«ri:^T?#» £ 5 LT#3§W#<bte-<£>Stiff 
^rroffi-f^cD^ffiT-CRNA^MSL^Vt^fflLfc. *r*W5fc, #3§W#£> 
ttMg^£7tmta^£^tP$»$*Ti)NArc^ 

h^-y ^^U-^Ki itl-RNA^SM'V^zr^— hLfc. 
fc£5f^ P»*ttMg++©#ftT-CRNASrBBSLfc. La»Lfc#e>» DNAPTth 
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-Ctt^<DNAPTaqliMn++C0#ffiT-eRNA5r^Lfc„ #38Wff>H\ #K<ODNA 
P©5' %t u7-~1?Stf:*SRNA«:*gfc UT^ffl-Cf 



mmw2 

-e&S£$ffitt£<£TLfc^ ur— i?ffitt£iit#Lfc»??!H4DNA 
#!J *9~i?«:£jfcLfc. #l*4&H:ffi«>T#aWK^DNASr§BS1-5iBfJM4 

^/wA^JSroXjESili^PxODNATKU p< 7— ^ASiii£^ffl»^^^K6a 

?"JI^— tt(DNAStar,WI^b<ODN A5>$f V 7 h !>3iTT'Lipman-Pearson*ffi$r^ 
fflLTs S^-K^'f ^»f>90%) &*#U 1^ itf? ^ I/7-f 7 y t^f ©M 

7^77V#^DNAPTaq);fcJ;tf7VW>.;* 7 77**(DNAPTfl)£)DNAJtfy p< 7 

a # y ^ 9 — if ae? t mmvmmzo <z<d k*wb l# 5 . 

A. tPHBtft:©ffiR 

1. ttStDNAPTaqit-g-T- 
i-ISUtfyn*- i?-CD»«T-e7*7^ 5 Kfcov ^TTaqDNAJKy — 

■eo®ffim&*%Atiz> z. t -efcofco »g&Taq# y ^ 7— ae^ fc^r© <t 

SfcLfclfltUfc. TaqDNA^y ^7~tf«e^&. E?ll##13-14K:B«S*Ufc 
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&YT-1 (Lawyer^, ±IB5C») frh<D>f J ADN A^sK 'J p< 7~t? 



yKJ«^I^T— t?EcoRIOBiBE?U**U 3**iBfcBglIrt»ll«rfM"3. Bglll 
Sr^-Tc PCR*Hf$^fcDNA*EcoRI*i«tO t BaiiiHIt?^liLfco #V 

^W»-Hlfiffifl|-Cttx ^W7*U v Ktrp-lac(tac)7*n*-*-&£tf, p 
TTQ18^<^^ — 5rffifflL [M. J. R. Stark, Gene 5:255(1987)] , H14[C^-fo tac 

HJh -v*9 %<D%$L*-*Smc1-Z. 

]} ^ 9— tfjte^SrDSgiLfc [EI15 ; Studierfcimioffatt, J.Mol.Biol. 189: 
113(1986)] . :o^n*- * — «T7 RNA#!M9— €<D^-(C J; t) ^SrBS^-f 
5 0 BL21(DE3)pLYS©*nt$?iIftt*'t>-C\ £ ©RNA#y ^ 7— tftDite^lac 

abTHte^ossa (7°7^^ KfrBB-rs) am rnajK y p< 7—e<D%mz%,± 

-3 
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pTTQlo-i**- (1114) -<D^|COV>T, TaqTKjJ * ifa- KfWtfe* 
£fPCRg^DNA(mutTaq s ^o-i/4B, BE?iJ#-5§-21) SrEcoRI&itfBgHI-C'iHHt: 
U rro^Srii^© r#^j|5fflj [Sambrook?), Molecular 

Cloning, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, pp. 1. 
63-1.69(1989)] V7°y^^ K-<* *-pTTQ18WEcoRI&{fc:fc£OTaiiM&&fcO 
ftV^c„ 5c^^>-^^S^ft^ro-o^S(Met-Arg)* 5 
^-d^(OHo<O^S(Met-Asn-Ser)iC.t ►)@m$ttT^5Sf?iS!-^K^Sr 

li<DJM109*(C^!R^L, ^«te^Sr^^>'^^K%^mi-'5iW«<Otim 
&!r $ ft V ^£#iaiiJ£#T ICgV >fc„ i ft C> <0 (plating) 41 

;/n-tr**©Taq#y ^ 7— «fc 5 ftfE#©3S&£ 

r<D«te/S^n hrvl^&ffiL-C, #$BBJ#^i£^J|L*:Taq;Ky /• 
7-i?»£T-(niutTaq, * n->4B) *^ts? v-> (04BiC^^^5) £*8£L 

y-M V^^yX'CDmt^-T^ Z t fc^LTt, uirf- h'&MlWHVAfrh 
G^£«#7 5 / ^■465(^^^ga?lJ*5iOtT $ / mWM. BE?J#^ 1 *5 
ilMtC^oT^^y V^Lfc)<DGlu^e>Gly~-<D^fl;££t^ SfcX^l'*- 
f- VtiLmi&WAfrbG^'OmkfrT $ y &&B754<OGlnd><bArg~Og<(b£:£ 
£•5. Glnd^Gly^O^^Ji^^ttJCfeSWC^ £fcGlud>£>Arg~.tf>2l 

&£&fm*poA§!#y y- 7— if ©*s±^T©t>^#$tt6T $ y 

1% ^WE^JlcJ:oT3-K$tL5»^Sr^ y 
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Rfc, WttPTaqflB6«l»©J|i»flcSrButTa«B*firf!6»?>o< 9, r. 5 LT, th,6 
&«>ttKK:j3V^TJilft4(y^^lcJ:99f. B4«t», "3'Exo" 



*«SHt©ffi«Sr*i-. H4E, F*iJ:W;^*n.fc*e^£W©4ro«Sg*ftp 

©pET-3^?!l;5> £>©*>©-? £>ofc<, * — 3R?!IH:T7:/n*— ©TSK© 

n ^^ffl<DBamHIgPfi:(O^.SrW-r ^©^JteZo© " -f-{ 

u— Aov^-fji^ro^o-s^^tprffitf-sasftffft^tf. -tiEPCRS^©* 

o— =i^teoVvt, P ET-3cil*Lfc^tt£(£fflLfc (015) „ t©^^- 
SrBamHIT??H'fkL N ftVi/m^xyT 9— t?T-JK£!J DNAPEcl^itMNTP© 

NAP(mutTaq, y o- V4B) ©Jtfc^SrEcoRI* itWalHH ±*»flSK: £ <0 pTTQ18;5> 

(Sambrookfc, Molecular Cloning, ±|B£lR)T"C<** — 
ld*»U ^CO«Hfe^E.colicDBL21(DE3)pLYS«IC^Kte^b, ¥Jt4fe&** 

^Lfc Q r©«jd«|C < t9»J©aBRi»^'S*Sr4t, -©*§£\ DNAPTaq©S 
l2J©Zlo©7 5: /»(Met-Arg)^-<^^— ^f>13ffl+PCR7 P 7-l'-v— 2i@{Cj; 
9 B&£tt3 (Met-Ala-Ser-Met-Thr-Gly-Gly-Gln-Gln-Met-Gly-Arg-Ile-Asn-Ser 
) (6B?0#^29) . 

tt^W-TS. ^»*|>S1-5f^Srfiy*i-5IWS*f^>lli-5ri:-C*)ofc. DNA 
(C-TSw t^t?t5o ;i;h,£>©I©<t LTtt, :/9>fTHraM3.fct«S£\ dNTP 
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[Setlowt Romberg, J. Biol. Chem. 247:232 (1972) ] ) irfi^-figWt- 

SrmULfc. ^o--V^eWtt-t-^T^*6t^t>ro-Cfct) (Sambrookf>, ±|E 
@4C:mutTaq«fgifeS:PstI-e?B{kL., i 5IC#y > y— if a- K«« 

rt-c i HHsofcrU *-©#m* p--y^ti5ffi-eae^ro/>LTiiE-e§] 

894-3* * U-^f 1 K:K£££C$-ti\ 7 U-Atf)©^-a-©TatJ-i^it3 KV40^^ 

04D:mutTaq*^*NheIT?«{l2 U mfiitfc^* ©{SHI2047-? 1 EWWrT 

««**©10T5y*T*-efMR©<»Jh4**. r©5' UT~tf 
n->-4D) ©j* ? l^f- KE^J5rSH^J#^l0lc*1- o 
04E:EcoRI*Jj;t?SallSrftfflLT, 5g£mutTaqit&^- £pTTQl8d>lbf]®r U ± 
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iC^^fiLTV^5#WC>SBfe•CBstXI*3<t^Hc^)IT*^H^t:L-fc„ ^<DDNA£rDNAPEcl:fc 

t Lfc„ rft&©¥»5|dB&— IfcfcatllgU 1540** u*=3- h'<DTV h— 
yv—k, (out-of-f rame) iK9z*i>ttbL1t a <t s-y u-Ai&iha KV^^8B 



04F:EcoRI3oJ;U t Sall£&ffl lt> ^^utTaqjt£^ £pTTQ18d>fjgj»rU ± 
IE© J: 5»ctTpET-3cic^ n— xtLfc,, 

ttUTV'»5#WO|S<2T?BsttI*5j;U!BamHn??g'fkLfc 0 *tf>DNAfcDNAPEcl:}8 XV 
, BamHIg|5^5'??|±)g|5^7^yWVLT¥?l*4!St Lfc. mt©*ie 



12 -£*lti£& Cleavase®BB fcjBJ^n*. 

@4G:r (D#I) > 7-1fl4IH4ElC*$tufc#y ^ 7 5. ^ 
Sr77^.$ K-< * * -pET-2 1 (Novagen) K * P — I'fl: L fc. r ^-^IC JL 

P>tt-5/'^7 1 !J^-7r-^T76*©^*ffl«7'ta^— ^-«T7 RNA# U /• 7— £fc 
±bftlt*lSB(B9«rHI*&LftV\ StudieriMoffatt, ±lE:£i*£#J&£>;i i. (PE 
S)pLYS©<t 5ft®bfc»^T?, r©RNA^D ^ 7— tfCjtGrPtflac^l'-*- 

(7*7*5; K±-e<D) #T7 RNAjKD^ 7— ifro^m(-^ic^#ttL, 
St«ia!l$ti-5tV^*fJ^Sr#-r5o fti?ftf>, **L*J*-a tT-f K#«Ef S 

WftR3SttH^*fW:ftV\ 
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5 6*ttfc*^:'»£<DJE#9'e*>5 "His-* ^ Sr«f»tf5. *fc#fc;h, 
5 * @S$^fcNi++-T ^-^Sr-^tf rtJlg(Novagen)* 7 A^fltSMseffl 
b"C&**W- hikfw h^7 7>f-|c£tJ]ii-I@T-ffii!!T-#5„ 2.5ml# 
TAiSSff^fflpr^T-fc'?. 35«©*fl=*fcttW4 {97 • = 5?^-HCl*fctt«*) 

»1ir©#SaE*ft« fcfcffl Lt> E. coli (DES)pLYSafl&£±!HWH$)T^Ri|£ 
&U »ft©iSSt#ifi («*.tf, Luria-Bertani:/P*) KlS«i-*©K{e 



JEfci2~l7RMB>f ydf a-<- h-f-S. i&mn<»7 V a - hSrR*oilMUc»9 W 
U ^W<^ft*SDS-PAGEfcJ:OW»-f*. rt**>v<*Jt!MlUS*W<*ft© 
*5j 3 ~ 5 ri>o£5?g£* K©V»f ft t bfcV>» 

«o*»©aj|fi:^ J: 9 D &*ft5. r *t fettiW 

b»«U SDS-PAGEfcJ;*»^*fbT* 

feftT^S. Builder 4;0Bez©*a«fFf{4, 511, 502#(1985);01son©* 

B«ffrB4, 518, 526-5H1985) ;01son &;Pai©#B<|$ffrS&4, 511, 503-§-(1985) ; Jones 
b©*ffl#f*f|4, 512, 922^(1985) £#J§© it, r^^,©^:T^##t LT* 

Wfl9#fc:^*ft5. 

TNi++* 7 A-C»IW<5. $j» bfc* 5 ^jA-A*#4Mt (110 t Si 

&(0.5M NaCl)©&^;b^££9#7^a^i§f$U ilt(f bT$*f£££&b 
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if§20/zg (Dftfe* >A#m*btzb-t. DNAP Cleavase®BN 3?^l/7~ 

-tf<bf*u ^<DE?ij5:ga?ij#-^3iic^-r 0 ffi?ij#^-3ioDNAE^jsrai)i:-r 

SdfcKJ: U. Cleavase®BN 5?^I/7— tf<07^>^Be^J§:#S„ 

2. ^DNAPTflite^f 
AT-62t*(ATCC 33923) ^6)^86 Lfco WttfiAkhmetz janovfe i Wakhitov 



AT-62t*^P>ODNAjK U P< ?— tCO^TWi^lJ'r-* te&mZtlT^^fr 

T. 7?7f #*DNA# JJ ^ 7— ejl^(gE?lJ#*13-14) Zmm-fZOKtitRl 
Ltc<DtmCy°y'(T—*&.RIVX, T. yys<Xfrb<D7 , y ADNA£it<gL;fco 
i^2500^S^PCR»r>T-SrEcoRI*5j;?J5BaniHI-cmLfc. ^Itt^BSSrDNAPEcl:? 

S*f^Sr±EOi5fCUT.pET-3ciC^tfc 6 r©i|«l, * n-V5B£ig5B 
fc^l". &£.m. y y 7*7.DNA# !M 7 — WAfc+ZmSMCTFi; 5B? n - y ftp 
ET-3clC ^ n - Wb $ tltcWAPTw? a - y4E*5 i i H D !J -^-T S y 

if»&il& (09x.rf, Luria-BertaniT'nT.) 2mli£g£«^5C>{;:teffl Lfc,, #5> 

Tti:, ig*tl&0.5 OD^ft^g (&*600hm) ^vmM^tz. 

U YV^r^^a V5rl2~17NFFfli^ltfc. *tim©J##?gO50 /i IT V =■ 
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/um^W) (SDS-PAGE) <Dlt fjUu -*f4 WWmXiv. 1 b&trtt1t 
ambrook h , ±f&J:W0 ttfl-Jfe* K<D&mtZ*imc-fZ 0 ±gfe±? >v< 



c. mmtszxftomik 

jSif^ltti 9 I** L-^o J£*#a. 7ml&12, 000~14, 000rpm-C30~6Og><E>$!«g 
^mKtV^v MtUfc, ±?i?<D|»*^(C, iWflaSrig»^A(50iiil Tris-HCI 
, pH7.9, SOmMy^;*. ha-^, lmM EDTA)400ju If -CWfflg§$S$ii\ W£&»L># 

stu wc4Bg/«iy ✓^-Afcfct>K«wSA80Mi'p-cs§3B»***u *bas 

£^irT?15#fflH ydf-^-<— m fttc:««SrB (10mM Tris-HCI, pH7.9, 50mM 
KC1, ImM EDTA, lmM PMSF, 0. SroTween-ZO, 0. 5%Nonidet-P40) 80 u 1 b&t>lt 

r 0®^Sr75tT- 1 «fM^ v^fa.^- h LX1S±fi v^*»££ttU Htm 

r»»ttaiifel?r4 c C-ei4 > O0Orpn.-ei5^WS^giL^ ±»&*rL^ 

^3.-y(c^PLfc„ r©±io. 5~ i n \<DT y a- hft*ivtflx0>WKRJS:fcE 

©^W^R-^lr&SlitLfc, fctWfflmxTaq DNA^y ^7— ^ [Englke, Ana 
l.Biochem 191:396 (1990) ] , &XVmm^\s1t- 
MX b h £ ©l*j<*T! RT*14!&*oJStt-e*> 5 0 

8«Wfttti**wfc^:: rft6f*, illl*#j*i^A'©***>v<*jr4r 

Mm®frbftm.U SDS PAGE-e»*fl,Ttn6>©^>'^^ft*»*r*ISU#6. 
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D. »Afr©iWt*iJ:i5prflMk 

/NgfclbSrfiStS*, ±B©i5^UTRWLfc. 1.7mlT !> a-.MMWIB 

H8.0, lmMEDTA, lOOnM NaCl) 100/j ltf«-ei?£8g®$-tt-fc 0 20mM PMSF2. 5 n 1 £0 
. 5mMK>§i|*ieft "CSsta U A£rl.Omg/ml©^g*-eMl-fc„ 
fi-p20#IRK V*^- b U ^^^a-^Srlmg/mKlOOing/ml^S 1 <* 1) 
*T'^*nL, *©ft^ft«154)-|B*fcH«llt4S*T?3rCT?-f y**^- b 
Lfc„ DNAse I^rlO/x g/ml£ T'^iP U *©^&£gfiT*ifo30#|ffl3=fcW:*-*b 

r ©$l-a^i&» , »A#£ 4 t-ei4, OOOrpnTlS^WS'L^SIfc ± 9 EUR U 
±«f&jfcTfc 0 ^1^5* b£l0mM EDTA(pH8.0)*5j;t/0.5%Triton X-100&-&ir^ 

r-sg^® s *, 5 m i srsDsy/u n * vmmm ( r tiitm Aftzmm-r a 
— ema&mm-rz it * ic zti znm s * s . ssm\:<o^m\tm^.om& t m& 

©^fe^Molecular Cloning (Sambrookib, ±!E:£i&) ^ftTV^,, £JlT 

£tA#-*!K«iK20Ai l*Sia-C4^M{J:fefcoT14,000rpm-CS^IitCj; 9 

4»|BHJ:t)fcoT14,000rpm-cai^«ICj: 9»*U ttW*±«f«:« U^a 



-136- 



H 2 P0 4 (pH9.5), lmM EDTA*5 <fcT/50mM NaCl&-£tf$f U>fa- tt 



ttS*Sa-C15^KiCi?fcoT14,000rpiDt?3i^^c:J;!JBfe*L, ±fif£frL 
V^a-ytC^Ufc. KH 2 P0 4 ^+200/*1©*V/^®K:, &?n(NH 4 ) 2 S0 4 140-2 
00<x 1**10 U #P)Jx5S^»4i^41%~50%l&ft(NH 4 ) 2 S0 4 t?feo 

affir4»BBKfcfcori4,000rpBrJt^WcJ:!)|gIlRLfc. ±i»*»T^ ^ 
l/S> h£8fJ$C(20mM HEPES (pH7. 9) , lmM EDTA, 0.5%PMSF V 25mM KCLfcitf 
•?-^mo.5%(DTween-20*3j;U?Nonidet P40)20/x ltd^ftfbfco ?^/<?m&t& 

f-^-yiC^KLfco l~4|tlSrSDS-PAGEJCt!9^ff-t-5rtl-J:l9, i©* 

e. w~ e©#ffi*ij;tj^^ett{cii-r5^^^®^«f 

±1E$*v> g!4*jj;t/5(c^$tbfc5'^^ i/7- ^*TIB<73*StcJ;t)^«f U 
fc. 

1. WitWM^i? 1/7- £ryfc-f . 

sKD ^ 5-*&Hl6K:**nfc*3gSr*1-SIUMa^#l!:«-r. 5' 1/7- 
■^flH!felcBBi-5l*»tt=ooSi£ftfli5. D (H16B) fr 
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o 

It Lt^t/T$n5 (H16) „ 5 p 9'T^-»fl £ ttll!»^*»*Jx5«F©J:5t 

, -fyj-*- (ft$i9~3o^^w^K^®v^y =f* * u** 1 k) 

*fti1-*i§£\ «a!<R©3 , l8U:T=---M-5J:5K:KW , **i5(Bll6B). *©R 

t-h$r^x ®v GKtfO^i^t^K) ©*fSr^LTV*V5'B5*Jj:l/3'BS 
Stof f elffrt, Vent™DNA# J) * 5 —I?) t?fffc>tl5PCRlC J: ►) ^ * <b;&ttJ 
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I^C-Cfc5^ lffi^^-^iS^Onll KCl-C«lfe-t-5S5MC7ch-5o 20mM KCIi&S 

. :/7^-#»#teH3! (RJ&3) icovvrww-sfci&ic, 

if 3 !> T t y /UT 5 K^VwWtiMtolc ± 9 #86 U **- h 

^77^ Lfc«ftSI3i ufcUWfcJWfefc J: 9 «Jltfl2"f*. B'J©«S 

Ofcfi^^i-e^ftl-S^offftfcJ:!)^. £;h,&©B8«®*H:, <£f§©# 
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taminating activity) $r^TL-#5„ Rj£&#tt> XK<£>#fi?, ifc(J5'^?l/7 

JStt&^JtLTSfcftU&S. E. coli<£>DNA/K V J- 7—-H I (Poll) J4> 

y 9— «iStt*5J:lW * 9 vr— «Stt©tefc, DNA£3' d>e>5' #|tjfc:# 

*otg^tt, 3' i/r-w, (0«;ttf> pH) <omt. 
®mi>* v^9 vzmm-rz t , 5* mo>5' =.*y%9 ur-wmm* 
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So 

ffcbfc„ KJSl£, lOmM Tris-HCl(pH8.5h 20t, 1. 5mMMgCl 2 *3 ilWOinM 

KCltf>$ff&*-?m\ ££2T?I3\ KCliSgSr20niM(C'(6T$-&fc. S^liSi 
t) ! 2tlt EH6EiC^$tlfc^S!S^10fmole^lpniole<D^§^fc7 P 7'l'^ 
-&«ktf»fiii#y ^7-H?£^t^ffl(& (±IB©J:5KUTfW!Ufc) 0.5-1.0 
*»1 Wei SS't-ClO^-W-l'V'*^- h Lfco 

£T?*ofc. Hl6BKl**ixfc^*r5'5tdiT?aaHL*:«* % 25* K*© 
fflB*nfc5'K>t-*20%#5T^y/UT5 Ky/K19:13K«) T-MtMtfe 

ttH»Sr*Ufc. SK, ^n->3E, 3F*3<fcU53Gfi, ±8B© £ 5 1-3' §«©##£ 
T-CDNASrW«i-5. ttflOSftfcfcatr*'*-*. ft*l»*H8KJf&*Hl7fc:*i- 

o 

HnfciSiSiifcKjsfciovvc, * y-n? n->3E(T aq ^#)*5 

*fcoVvcW*Lfc, S«#*£5'*ffi-C 32 PSfSsLfc 0 10fBole©r»«ttUfc, 
5|38&t8SSlDNA*5 iW.5a=y h ©DNAPTaq (l/-yi)tl,<l40.5ji ltf>3E & 
L<tt4Bttfflft (H17» ^2-7, affi^)Sr±|2©«t 5 LTSISU L-fc) 5: 
, lOmM Tris-HCl(pH8.5), 50mM KC1*3 ilft. 5mM MgCl 2 £-£tfi$»£^ 
S-a-Ufc. Si^SlS^aHilOMl-Cfcofc. u-^fciU^K^ttfcKJESifc 

fcSlSWEtt, 0.2/iM<D:/7^-2}-y u^-f-K («K©3' I6litt*«j*»o 
Hl6Efc*$*l5) £-gt?„ RiS«Sr55 < C-C4^^>-=3r^-<-hUfc„ SJS&Sr 
RJS^IOm l^fct) 8 n lOJSiPKii 9fltjt Lfc„ *fc?->'://l'&12%3ett:r* 
!>/W$ Ky/HCTT'^-f «ft8eftftK:, ^Sr*- h^tf-^r^- 



-141- 



50mM KClSr^tfigflSttf ^kftSBBSRi&fcteffl-fSi 1 ^ i&u^jxxd 



K^7^-&-##CDNA<£>g*M (0tJx.«, V *Vr— ^M13DNA) (£T= 

^•riiStttBBrSTy-fe-f Oft«W****Hl8KS%-*-. ^gfrDNAPTaq* n 

!&£o<ofc 0 1.2XPCKKSMK (IX PCKKfHfttt, 50mM KC1, 1.5mM MgCl 2 , 10m 
M Tris-Cl, pH8.5, :fe«fctW^*U). 05%©Tween 20*5 itWfonidet P40) , -5r 
tt^tl.50^McOdGTP, dATP&.fctfdTTP, 5 //II dCTPSS J: tfO. 125//M<D600Ci/mmol 
<Da- 32 P-dCTP£^t-$-5 0 £Oft^*?0j»*ffKimi-SttlC* *rft£ 

-ocd^l^t y a-hi;Mfc. ro7y=-h©-*K« 50 // 1 
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i:M^X±ti<DmS.t LTt, te^KIS, -#$M13mpl8 DNA($2.5pmole*fc»:iO. 



ft©;(7:^/w£75'tt;:5:8fflfi#* jfcl^S^ftiPLfc, iftteilK DNA£ 

L-TPIS^tl-fc^m^y ^7— ei/il, *;fcfil^-5> b<0 DNAPTaq(Perkin 
Elmer) $r-g-tfdH 2 01//lt-g-^-tirfco "DNA& L" <DMM&. DNAPTaq(0#ftTT- 

£o£^LTiHtl^£lHlifcU tK<0Ji{c«v^c„ ^xmwTOfc 1 m l£# 
^V^P>^9cmJ:^5*-T?, ^ UT h y Y £0. 75M NaH 2 P0 4 (pH3. 

Hife0iJ3 
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^©B'MKffiaEU 019A**ePK<fct3*£;it2> o 

!)=/** U*?-K (^T^V03'B6l!lft*tW) > 50/tM©*dNTP*iJ:tJ f 0.53-=.y 
HODNAPTaq(Perkin Elmer) *fctt5* * * WT-1?££trttfct}<& (±fEW<£5K 
UTP^tfc) 0.5m 1S\ lOmM Tris-HCl(pH8.5K 50mU KC1*3 ±1*1. 5mM MgCl 2 
^^■tfi^filOAt l©S^{-^JKl-r5 r £ I- £ ?K HSJRfSfcfrofc. k-V3 

Rl£«*55 , CT?4£W-fl'*»^— hUfc. R**, Kl&filO/i lSfc 9 . 20m 
M EDTA*><fct*0.05%T— fe^Sr^tf95%*/WAT5 K8 /z l©8sjpfc ± 9 55t: 
-C^ihbfco ^y^/w^APl^-Br-f, *0>f*fc:Wt!i<!)7*yA'T$ Y9A> (10% 
t^T? K, 19: ISMS. *3it;7MOm^^tf89mM Tris-*£®(pH8. 3 

), 2. 8mM EDTA) fcn-KLfc. ^^/W&flntBHt-f -*i^7^V^* 

5 r tSr^-f (H19B, 3*30:1*4) . 

U-y3*5±t*4lC^$jxfc, ^n-V4D(0*Pf 5'^^ UT— t?{4dNTP<D#£T 
^$*<b*-©MgJg<&££CS 0 £g#*<D£j?fc?§tt «£S!fiHS© 1 %*») 
*r«*-f55*3«^UT—tfl4, &fl0>M8S4b&£C3. *y^7 
— e^Tfvc03'SBtJ:T--/w$ny5:3f-!; =***utf-?-K«HWi£*, ^ftfc: 
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) o 



0(D^T f « ig * A-^T t° ^ (gB?lJ#^-23) XT* T — T f >- (E?iJ#-^24) i: 

StfT-'sTtfyH A-^Tt°>>^(D%^(DT^S$r^-5 2/ M"<5 i tRVT-^ 
Tt°vt>©?&ifroA«SSr^-5 y h-r-5^ttJ:or®rt5;^7*-/Ux^^^ 
£BSlt-f£.£ 5 f-^H-LfCo 5 5 >- ^.RtfT ft (slippage) SrES-lk-fSfc 

fcS * v--^y\cm LttffiZG-fZ i 5 ICZVMCT^-A- 

h y y =^5? * w^f 1 K^sa?ij$;iii20Bt*i- o r. <o#- y ? 
^mr^7r^7-r-7-(E?u#^25)t^-r?>, Tv^r^i'^-fiia 

$T-AaSjgF$U * ?:/5^-(^J#^26)&U^8lrT--- T t*V(02OB;E 
^J##27)d5^C5o ^^T'y^-^- tt, El20AK;^Lfc < £5t-A-^Tfc , V<£>3' 
T-AlrffiffiW-CfcSo ^^7"7^v-©A-^Tt°V-<DT=-y 8'J 
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T=— 9 ^^&^»rSJt&tt£AT©J;5tcL'CffiPiiS. i"4*>fe, lOmM Tri 
s-CK pH8.5, 1.0MgCl 2 * 75mM KC1, lpmol A-^TfcV, lpmol T-^TfVSr 
-^tfSOMlWS^ffitt?, TyW7r7 , 7'<^-*^TtV«jg!fe; (lpmol) m*|-L 
T^*/U*X(410~10 6 «©ffiffl©^-C»Px, ^LT5'^^ U'T— t?(±lE©«fc 

: f2®itt|iaSJ;>3^'L<SV'>55 < C-Cfi 1 ofc. Perkin Elmer DNA Thermal Cycler £ 

^£5£ffl;H-tT72 < t£T?<$>o< 9 ir±#£-frfc„ i2J®r&, giJOlM ^©7 
=— P>^!iS£CSJ:5H:, S^S:#.iit-55 < t(cLfc(l < C/S>) 0 fc^SSffl© 
IN 1 * A* (20, M&UWM^&mv Z.ilb<V&^4 9 fr&X-<DRtmm 

BlTa©-!*--!';?/^©^ 10m l©SJE&^ftS 9 , 2<)mM EDTA&tfO. 05%Sfc£,-^— 

•tirSo "fr m&XV TV 9 /W7 ? K^A-(10%#9 7? 9 /W7 5 K, 19: 

l5K*^k 7M^^, 89mMh V pH8. 3, 2. 8mM EDTA)±lCn- K"t* 6 iWflC 
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=F#r$Btt©£jiHgtt©#&<Bl9B, l^^6&tf8£#flg©rih X!*2) 

c*j it 5 x 7 w ^-###flWo tioticfs, -^-^ 

3 ftfc SIM" XoSfcu&fiqSEfc £ o Ttfcfcti $ ft 5„ /7 W ^-###«J§)»r 

IIJfc0!l5 

«Jt«c2 as it/ 3 (4-fi^r-fe5„ 2 r±Hi2A(T«0 t-*£ft;fc© t iw c 
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SngmOfi lWlOniM Tris-HCl, pH8. 3. lOOmM KClio<fctf 1 mM 
ligCl 2 ^\£Q.01pm>le<D'&biltcgW.DM}$£Tflpmole<D/<s( n y h* } ) 
V-XfYttkt^tL* Rl&i&t:55X:X'30#ffl'( >**s<— hU 20mM EDTA33 



Tris-*<>&, pH8.3, 1.4mM EDTA<Og«^+O10%5K U U/PT? K^/Kl 
BfC^-f. I tt^^Taq DNAPT*fc*K Iltt^^Tfl DNAPT-& (9 , 1111*04 



E iZ&gftfc Cleavase®BXT'£>'j\ IV 4F dotSttife Cleavase®BB T'$> 'J , 
V&0 5B K^Sn^^JIftT* £fcVl{*0 4G Kg* 3*1*1 Cleavase® 



lia)^§£££t;£-tf--5tCt±, 5Ong0DTaq DNAP ± tf 300 ng £> Cleavase®BN £ 

g-T 5 - t ftiofro fc. ^n^O^Ttli, 3c^Taq DNAPtelSigfr 3 jgft 
SS*-CBBS1-5ii^-e#*V\ ^^Tfl DNAPtt#«©S««r£C5.fc5fc« 
^T«ig#3£|fflg»$-fr5o 

zv&fu*. ^mmrnm^]) * y-v<Dz<D®mi>wm$.ffict>it-oxwi% ! 

BI23(v:^Lfc2 0©43-e-«, glpft^StiotMtfc, **b*h,Ht, 



-148- 



9 U*3- KS-HPLC-CfflSSlLfc. M3^~(OT V a - h fc*-X 1 mg^ 9 lOOpmo 
1OI8S-CM-280 Dynabeads(Dynal)JC^^ -&tz 0 2mg©fc*— X(200# 1) 1% 
BSA£"£tflx8fc#/jg-g-$WfK(lM NaCL 5mM Tris-CU pH7.5, 0. 5mM EDTA) 

51-, afrOBBK:* «aWlctt»**fc. 2Hi©jJB»©fL t*-X 



£200jil©2 Xflfc#/ijg-g^SSj£(2M NaCU lOmM Tris-Cl, pH7. 5, lmMEDTA)^ 
WSSiSU -?"LT2o©100al©7y =>- hlC^ltfc. *7!)a-M:, 2oW 
*!» 9 K©-#©lOOnl«¥#© 5 *> l m l«rlQ*.fc. f-X 

■Ctf-XfctHRStf, ±fif£#*FrLfcfc^ #»*©»£*ij*1-, «»*©# 
u*?- KW^SM^ofc. b'-X©3-T D 3— hSr 1 @©ft 
*a9100pl-C3iaiJt}*Lfc. i-ftt>t>» «Bi*-/*fr&««f»t-e 1 0, lOmMTris-C 
U pH8. 3S.T^75mM KC1 2 0}fei£ Ufc 0 1 H IMS 9 10 /t g© f-X 

dlpmol©* y ^ l^f- F©«fil-ft 5 i 0 l-x ft^ilOO/t l©Tris/KCl 

tr-XSrWHWLfc. tr-X«teffl4«»4 < t£«#Lfco 
* y ? ua-f- f (ga?ij#^36) KtaMWftga^j (Ba?iJS^-34) t^tr * y * 

Uirf- F (SB?iJ#-^33) fc£tf. r. ©;t y F* 9 is** Fii Taj 14* £ f , Ttj 
y yft&S, 3flf-Xit jSIRLfctf 20-r-t?fc5-<— fii/jTi-Mt-y * 

5) £tttttitt£^(£$!l#4i-38) ^r^tf^y * K 0EJ9#-g-37) 

r©^-y F^* U^b'it TTj 14* $"f, TAj !)yfT?fe5. 

^lefSJC^fKl*. 20/il©75mM KC1, 10mM Tris-CU pH8. 3. 1. 5mM HgCl-j&m 
O^MCTABffr, lMKO^Lfclf— X, 10pmol©*8{!ftT^7r W'i'fi'-* 



U I/^-f- K((t» L*-rfc1-nWJA.(i"pilot")SO r 500ng 0 Cleavase®B 
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LT^O®S-C30^iffl^>'*^-<-hLfc„ KJ&tt*<Dmg-ei6Ml<a20mM EDTA 
RTf&* 0. 05% <OZ7* n *7i; — )V-7/V— RXf* J — /U&<£ts95%fc 



£9#^)©:*y ^^W^K^St;*-^. f-^/HS. 45mMTris-*?$ 
, PH8.3, 1.4mM EDTAWigffffitf-COx 7Mm^^tflO%jKy y^TS 

!>™fc;Lfc„ ->^?'^/^$r^^:^^^-e-$ttTV^5^-«-7•/^tt;Kfe(pu^pl 
e precipitate) Sr-r^y h "^Western Blue (Promega) tf>-t?M£^ i^3.-<— 

%/ a ^-r 5 c t k. x <o mm Lfc„ 

9 9 v<rtrfr*y t K(IB?iJS^36)tt, jggtSftS t #iC(424T--e& 

9 , LT7;V7 r *s?1-Atf K(S2?iJ#^35) (4, jggt^tiS 1 

W^tC "pilot" LT^S, 

HJ60IJ6 
iSittDNAPlcJ:^ 

„ r©^, ±iasK«#y ^a«K^i-*5v^Ti<i(D 32 p»X7^-7 

lWlOmM Tris-Cl, pH8. 5, 50mM KC1, 1. 5mM MgClj,*^ 0. 01pmol©$^tt£* 
, *WLfcIlDNA (HMI««Srt»^H-5) , 5pnol©/M ny h*JJ =* 
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%9 is*? K (B12A©/<W n y h*V =*#J§) fcitfO. 5^--y hODNAP Taq£ 



eavase 8 BB ^f)^oTl^. 



Mt&4 >3-^--<— >g yiStfifc. ^m§rEl25Ati^:1- 0 l^-yi~4 0-y- 



Cleavase»B BO#4Ti:iS»8te*«:*t. 2. 5 J: 6 0£{fc 

^T<OgJSi420mM EDTAJiiUtO. 05%-=?— fe^4r^^"'f 5 8 n l©951Wvl'i>> 
7 5 Kjg^©^iPti:«t!JfltJt$*fc. 45mM Tris- *-7$, pH8. 3, 1.4mM EDTAO 
«ff«K:i6*Lfc, 7tUR*«ratflO*T*yA'r5 K*VKl9:l&ffi) f»£8c»£ 



d ft *b CD^#TT- Cleavase® B B C fp> * V >ffl C V T tB^ 

77 ^ — If (Promega) V l:U«5 0 x&S U tSfflMfc* / * 
* K(H25BO y a)*fc(42Sit(D 32 PSmMtiy V^*(H25B<DU-y 

b) iZh^tigMl,*:. r^^/lbroM^l*3it/ t ^• : ^/^Aro^-V7©afe5r^ 45m 
M Tris • pH8.3, 1.4mM EDTA<£>i@®$l£jg$? Lfc, 7M^^Sr^1-?>20 

%7^y;W7 5 KyA'(19:lKai)«|>«rfiB*M**«dKi**T 
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tarns &. 



Cleavase®B BIZ i-S-^'J Vt/fcL lllM#l4t^S 0 #£«50!IT-I£. # 

P^dCTP5rm^An5151^-f ^/K0^7-r-7-#ftlC i <3 N ltfrlH206-mer©l*)gB 
fit ICffifll § *tfc— 45mM Tris- #?8L pH8.3, 1.4mM EDTAGDig 

M^S^tt, £^440 m lOlOmM Tris-Cl, pH8.5, 50mM KC1, 1.5mMM 



gCU 0.04 fc'n^KDMRDNAfcJ:^ #1 <D Cleavase®B B (±iEO 

5, 10, 20*3iU!30^lri0»tl©T!; 3-hSrSt9, 30mM EDTA 

fefcUMfld^L-fc. 45mM Tris • #?B&, pH8.3, 1.4mM EDTAOi^ri&iC^flfLfc 
, 7MM^Sr^-rS10%T^ y/vr$ K^(19:l5Bfll)tS:*»c?*5tt5C*l!l 

»T«<fcUfc. Cleav 



ase»BBir«fc<SHISfii:fi««jitCflc^i-S. 206-raer -M8©ll§gttSS£"t?* 

!Jrf±t?^ifi-f5- fcKJ;9«t««»llW-*. DNAPW!) =T*-7V Vif 
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•SlgfilO, L^L&ftS*^ *A-« Tj/t^f (cycling assay)^E«$ 

ftTV^C.G. Copley** i IK. Boot, BioTechniques 13:888(1992) 

ft/?^-*— #jj*$*lT^$. £©^£\ 0E7°77.5: KttpUC19 (ffiflg^Jh/TV 
«MEtt**tTV^fc. ttZ^-fT-Wai-*— (21-«er) (gc?IJ#^39) "0 



*o/c. J8v*&S*tt. Cleavase®BX (5 X lO'V <Dm&M £ H^©tf|Rftl) 

(lOOnM KC1, lOmM Tris-CU pH8.3, 2mM MnCl 2 f ) t?feofc„ ^CBStt. 
/Jz.'/^ypifyty'y KDNA (=7 h!) jfcifcSjfc) Srffl^T, t>L<ttfflV>1* 
JCSSt^tfie^FflfTofcc 20mM EDTA*5 £t^-#-£?g£^fr-t-£95%Jjvl'.kT 

roSJE&(DSfe(4, 028B(C^-ti5iC, PAGE (10%zK!J TP }) /V7 ? h\ 19 
: 1XTBE) K±9MU. TMj ttflWWtai-r— (21-mer)& 

tf6tt±-C, -tixmOng, 100ng4fc«200ng©y/ ADNAt#^HW*ai 
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Cleavase®g)3ffSt 



£»£ig«iU (HI|KLfc(500g) o «f#1^7A (&£*) fctfU 3ml O 
^0$»$(5OmM Tris-HCl, pH8.0, lnM EDTA, 100 ult NaCl)5r^jDLfc 0 200 n 

mrn®*m 6 ~ 8 #ra o t-c-j&g^&s ufc 0 tdM&*ai?#i*(39, ooo g -c2o 

r Wii^fe trS^ttli: (5, 000g-ei5#Rg> ±«f * @ft Lfc. £. ft£30# n 
60^-CjDf^L, »KW^4^lilJ:*»rt(5,000g-C15»|III)±»Sr?¥*ia*lUfc. 

#**5ti>^«R:*»lt(5,OOOgTM5^W)±»«r»*Lfc. fcfc, #J»3r0.25M 
KC1, 20mM Tris; pH7. 6, 0. 2%Tween*J £W. lEDTAfcig$¥U (8X 
mSMffimmOniM 5. PS—tV, 4MNaCl, 160mM Tris-HCl, pH7.9i!9&5) 

N i++*7A{Novagen)SrfflV^TnI^t:^^^KSr«S!!Ufc. Hft&» 

25ml(10^1:)^ 1 Xte-^iK«f^-C*7 ASrifej^U #CtU5ml (6^fi) <D 1 X& 
(8Xffi#ig»$fi480iiiM^Sy>'-A\ 411 NaCl, 160mM Tris-HCl, pH 
7.9i9*5) -CasjfLfc. '1Sb1(6«»)©1X*M««K (4 Xftttttlftti*4 
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nAM* 2M NaCl, 80mM Tris-HCl, pH7.9J: £ /II l^T ^ 

/•^RfcigWUfco 35«&7:/^!7A£ffl^T±fB<Dj;5t^>^ 
«£ff#jg£-&5o fciCikmyoZfeMLX, 20mM Tris, lOOmM KC1, lmMEDTASr 
9mt LTSflfLfc. ^SrTween20t5 



f/VA^-T^Tf-f^X (Thermus aquaticus) DNAilf!)^7-f (DNAPT 
aq) <DCmS%m& -f >©HE»is ±t//*fctt**K: i: 9 »&*ufc5' ?^W7 

tft^W^^t Pol mDKAtfV *7~V\££ZZ.tlb<om&# 
©RJS<?5KM(C*5VvC [Hife^lfcitayamichevfe, (1993) Science 260:778] 

©tt«*HSM^0>*J£B*-lc*a - 1 jWBfcfcfifc. 3' 5 - ©&fn 

tttt, DNA#!) tf©^-J««IBK«F^"f51>OTf*>*ifiJE$'*tfc. 

E22A|C^f«it#2£ffiVvr, 1><0«>OS45SS [«*.«, (K 
Cl£fcteNaCl) „ ^©ZM-fty (Mn 2+ £fcfciMg 2+ ) *ifSr^#f*lffiK] 

*»©lf»*rfl' s ;fc. W««ttftifi©3' *M ($fe^(pilot)^-y =***uj*-*K 

©t©) n*fi-*iMj 5' 5? * vr— e&^tiVMP. i£ffi£titzWM>-& 

1t\Z5'?.? 1/7- if) <0*g-£#!i#ftRJ6&#-CW:, 3*£*vCV>a«3i#;4S* II 
22A(c^$tt-cv>5SPft-eWS$n5. £©H8li:.fc!K *M&5' T-A^jSK 

fc=.y*#&5. rtU^LT, 3' *JStC*f-f SIMP (5' 5? * 1/7- £«r£tf) 
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*fc, ftiofcffiBicJbsa'syiKWi-srnbroa©** dnap 

fc#£f Z-WSkj *y<DWm\Z&® £*t5 it!J5fe5. Longley ?> [Nucl. Acids 
Res. 18:7317(1990)] fc£, DNAPTaq t ©SJStCMnClaSr&ffl-fS t , WSLbT-— 



m&K, DNAPTaq SfcJi Cleavase® BB ? ^ 1/7— if ftd^i**£lSt*H 22A CD 

-^Waidfy^^ ur-ifKl r^r/y^ (nibbling) j r. biWlb 

SS^Id*5^TMgCl 2 W^;fc.|9l-MnCl 2 ^ffi-r5)t, H*ofc&B(C$>53'*« 



Cleavase® BB j* * U7— 5'?^l/7- IfUtt^ 50-100 JgjlnJSfc 

gCi 2 oftt?!)Kafaci a *rftffli-atx 5OMOO^*v*Ml0flM!fc:J:9, ttiSft 
ft©:t*y**W7— ifStta^SftS. ;i;h,e>©ifel>Ufc*©l**S\ MgCl 2 

— WStttt, UttM 6-8 -cfB* btiZ t co»J if «WC4w\ 
*EW6«lll~18fce««)«llttaTyfe>f03W(SK:i8^"Cx MgCl 2 *fcttllnC 
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J 



%&©-«HW*>©#aTfc::i3Vvcfc, (invader) *V=t*? 

V*°f-Y (HO ©#&tt. MSa^^^n-yz^tl-ffbjitf^, MnCl 2 
©#£TTi3, T'n-T'-^^JE^-yy y^ft (nibbled) , 3'*ffi 



mmmn 



^ * U 7--tf [*f6ia© "fe © (#) A «. Cleavase® BN * ? U 7 - -t\ 
Cleavase® A/G *^7~t?) <*, RJfiatt^W**© J: «J WWCM 

fc-a-^^- y ^ ^ - KSr^t" : 5' -GTTCTCTGCTCTCTGGTCGCTGTCTCGCTTGTGAAAC 
AAGCGAGACAGCGTGGTCTCTCG-3' (SS?"J#-§-40) „ r. ©:*y * Ktt, Ts- 

'sjfyil /v-T^iSrt© rnj/w-^ 1 (tri-ioop) j ga^ij (l-ft*^ 3 
fi©j* ^ K^B^T t?v©A~-:/S|$$rjf&&-f 5) J: 5 JEK^SflsSitS 
[Hirano, I. £ (1994) Nucleic Acids Res. 22(4):576h @30t4*fc, P-15^" 
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y d^t KOEM, *btrfcP-iSi:S-60^Ttrv*!) KfcaU 
*Wi-a«*tttffi«©tt« P"15^y =f?*f4-?-K0EHI*t 5'-CGAGA 
GACCACGCTG-3' (BBI#*41) -C&5„ &t&vmL< 



P-15 Tt-U rf3?^ l/^FCD^^TT*©) Cleavase® BN 5'7 ^ l/7-t r T»CD^ 

m^X V TF^tlZo S-60— T tfy^©5' *«gi6»e><D18*J J;m95? * KW 
»*«^-^**i:^*W*t Oi»^«#jfi-T?4 ^ i Lfe (031, 



n^KD^Tli^DNA (g3?!]#*§- 40) 0. lng CD Cleavase® BN &b 

mc 9 n lO^-tf^S*^** 0. 5%©Tween-20& J;UW-40£-£:firf 3 1 m 1^10 
OuMMOPS (pH7.5) t-IlcU„ V UC^-fgJ^t?(4, gigNif SriCX-l*, 

T&fflLfc) o IH3l<D^-V3lC^1-SJS»i, 03OlC^1-S-6O-Tfy ( 

ga£iJ#-j§-40) 05FM3'7-AtW^!) ^XL5 50.5f3*/K7)P-15^-!; 

rft<b<Dg£i£l}g<P&»£MU &£j££95 < Cl£15t»l!ii;tlD$U OVNT?37 

tlC&ipU S-ff^l AtiroiOmM MnCi 2 £Jnx5;:iU:±!>£JS£Blj$&Lfc. 5 

20idM EDTA33it».05%T-*-feRft^^ri-5 6Ml©95%*A'AT$ K 
SraPA.5^i:lC±9K«SrfltlhLfc. 45nM Tris-*?& ( P H8.3) , 1.4mM EDTA 
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©«»»tK7llBl*Sr-&W+*15%T^9^T5 Y9A> (19: lftffi) 



(NYTRAN, Schleicher and Schuell, Keene, NH) S\ BffiLfc^±K«*fc 
o ^?&Sr-r^T^*Lfc 0 oV^2tfc03MM»ft (Whatman) SrR^^l^V±^ 

lcm 2 ^^:l9 0.3mlCO^S^^fflb-CL2XSequenase Images Blocking Buffer ( 
United States Biochemical) * T?> ^U^SrftfrLfco r Ogfc#te^MT*30 
$MMTfcofc 0 ^hlx^hT^^-TyU*3*^7r*^*'fr* (SAAP.Uni 
ted States Biochemical) S\ 1 : 4000#&tCfc 5 ?^:^}&tt'H§:tt 
iPx., i5#Rlit#Lfc. K^^w^*iy)t?«<«ff, ovnt% 0.1% 

«E!W- H>!>A (SDS) £<£frt-5 1 XSAAPiftflffJfc (lOOmM Tris-HCl, pHIO, 50mM 
NaCl) 0.5ml/cm 2 £te/BLT, 3@gfc#Lfc ( 1 0©8fc»tt 5 £KJ) 0 &$£&<D 

^7r^-^fflfk^5l3feSHCDP-Star™ (Tropix, Bedford, MA) SmlSr-t^g 
^IP*., 2-3^^l^y4#l:M^fc, *<2CDP-Star™^*aSLfc 
^^I^^SrXRP Xi»7-f^ (Kodak) KWULfc ttDEWUJttlOSMBJ) • 

*M^OS-60— Ttf> (605C*W:*^h\ ^1) *3j:lfv— # — (15;** U 

i/^y rMj ) <dimx (*y=T5c^u^K*tt) > ftfetwcp-is*- 
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-r-£&B£-frMg!-t-* J: 9 iWe 9 tffcJBlicSii* *iHB*it*-C*>5 5. 

-r-^-tg^- (primer-directed) J |Bg&P-15;*-y =0* * Utt KjWKjS"t*© 

Wfc*^ r«A (invasion) J 5©Sr«E^-f S 6> U^i t^JW Lfco 

ill, MM4^-*^fSiS^S»C3~4ifi«*f^t!)UT, £9*£&2ft ( 

8ttBJtt*S%i-*»9 O^C9 , 33J:U«P-15©#«ETtf©MS»ffi*r*i-at(E< 
&C9KJ:9, H30©*3jH*±fcH*-*-a. 

:jif) ©x-* HU T*3*il©IH!«K:Bl*il lfc||e>**J£M*>ra k *> 5 
SI»E?!Iftl3ttS:*t5t U K©, 3' 7-A±©#&as, 5' 3** 

tff*:*- !) 9 vUrf- Ktt» ^7 ^©r*H«|«fc«Ai-S k SJbti&toH 
, r^y<-y- (invader) J *}) =t*? l,*?- h° kW-TZZ kiC-fZ 

fe-T 5 *> 5 v *tttt 2 #©#81 Lfc WHWB-WKJ* Six* 



-160- 



mm i-sta^ns. 



n-^y ^^u-^Kfcfc, H##^J&£ffij§-f (KC1) 
m^^y (Mg 2+ £fcttMn 2+ ) ^#-TS^ig®^fffiTT'^Lfc„ 
xi-zflry=i%?v*3-Y\±, (0Sx.fi, Ml3m P l9) 5^*£fc Wil 

£ ©JB 2 y =^5C * U-sJ-^ m-f y^t-^-^- uir^- K t 

(E32c£#JS£;ftfc^) „ 
@32fi % M13mpl9^6<J^ (^$JxT^5^3ffl©fi|ig(!|£*OTfl!l«)®) Kft 
5^ic*H _ 5 2fiOd-!J =f5?^W^-5=-K©T=— D^^Sr^-f. I232{c:tt, Ml 
3mpl955-^-©525C * K«>8S#©^&^-f . - <OS2* 9 KcoBE^J-SrlB 

JlJ##42(CfB«-r5„ 7*xi--fity Ktt, 3' > 

&&&-£JCt : £>. Wrfv— -fO&Mte. 5' -AGAAAGGAAGGGAAGAAAGCGAAAGG-3' (IB 

*y =/^^W*^K^tPE5»K"RllSr#LTV^5. El32aT-fi, Sns' -GACGGG 
GAAAGCCGGCGAACG-3' (gS?"J#^44) 4:^582 *y W^m, ^n- 
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7*9 JX*}***? (7/l/*lHr-f i'Sfctt TFluorJ -CHI6) rot rotted 
GCCGGCGAACGTGGCG-3' (E^"J#^45) %G-tZ>%2<D±M*}) \s*f- K»4 



<D±»^- U =?5C ^ U^^- K [5' -GGCGAACGTGGCGAGAAAGGA-3' (gE?lJ#^-46) ] t 
^n-^y zt%t v*<f- Kttt. «W^-fc»1-5ffi*W4flW6t**bTi/^ 
. Lfcaso-C, 0Lk«M-y rfS^vtf-f-Ktt, TSI^n-y(D*^©^<@©^S 
tl^-<0Ba?iJSr*i-53'T-ASrWt-5. £©*6\ K±«E* 5 ^ * K 

©f&IM ^(thermal cycling), ? W— ^^*<D^#ffi 

EJSSttEJlT© t *J 9 fctT&o fc„ #20 n 1<D 2 OCD^^-a-^)^^ Lfco - 



-yfr'J dUL# H (ffi#l## 46) *£&5ZJi£ii&i^2 /til © Cleavase® 

a/g* * wr— tfttw* (ius^j 2 kb*w> ttsv \mm ut to 

t©-C&ofco ia33|;i^1-80©g£©*;JxmKo<^-C, 1507 -f a */KDM13 
mpl9-*^DNA (Life Technologies, Inc. i 9 "Til) $: 5 tra^KO? 
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mtfylB&m ] „ K^n-^/««j8^|fc©i|^ (4#©W) &*0.5%<9T 
ween-20*5<tOtNP-405r-^W-f 5 1 /*l©100mM MOPS (pH7. 5) , 0.5/xlOlM KClfc 
S> WHO. 25/t 1 <D80nH MnCl 2 i: — fficL, ^StKT*6 m l©^fti Lfc„ — 
Zf/ffltm&®<D% 2 =S-*0.5%©Tween-20*5iOW-404-&*-r5 1 M 

lOlOOmM MOPS (pH7.5) » 0. 5m 1<Z>1M KC1& bC^lCO. 25/i 



4> SMnCi 2 <n<\t> v £Mgci 2 ur v yfc 0 



fcO) fe, 1»<0 Chill Out®JRfglBjh»IT-«V\ 60'C (5 4rlB) I:t5:fci: 

<ommmiB&®*BJ&\ZllDZ-. *©**«:H33<0U'-i'l, 3, 5*5<fct*7lC 
^■fo 1333(0 u—y 2, 4, 6:fc<fctf8fc^t«&&-£x.5RI&fcra\ I^SrOgl 
mteJ^-?— 9 t-ArJ-Y (E?iJ##46) tii-g-Lfc. RlSl, 2, 
5ioJ;tK6tt60 < C-C5^M-l'>^3.^-h U KJfc3, 4, 7*>«fctf8 fi60<C-c 
ISftm J"****— h Life. 
20mM EDTA*5 it^O. 05%-^-;(;"£Jt£-£W1-5 8 m 1©95%#/W»7 5 K£rJD 
t(-<t!9, -r^TCOKJSSr^itLfCo 45mM Tris-*?^ (pH8.3) , 1. 4mM 
EOTAro«tm+fc7MR*&'&#r320%7* y/WT5 K<T> (19: 1*18) fc 

ar»ft»«©ef»K:, if^A'fcwtjfciaMwwfcufc. Hitach 

i FMBIOgft^-v^- (imager) Srffiffl LT^S^-Sr nPfrfli U 

^H33iC*i- 0 «3t««*ixfc*y K*«*BMttL**-f 

— i-CBfifc-ft y<DmmcteVZ>i&(Dliil (salt front) <D&B£ 

rilbOR^-eilnCla'frttfflUfc*^ (U~->1~4) (Ctt, %£0|7£flBft 
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$>5„ -f >+*-ir'-*9*Xjn'**\r (EH#*46) ®^#fiTt?7*o-^ 



~7&g#jf L&Sftfc. rcDdite, W*!> d'jc^u^KcOT^-y 



V^S^AtlSoX^SSfS (l/->5~8) t?tt, Cleavase® A/G <D 

"CttT'n-^y ^?<?U;remftftS*ufcV* (033, U-y5&£V7) . 
9~26) OSfiLbDltjgfiS (Tm) «56t;-Cfe5. LfciPot, fg*£>;}x5ftilt 

HJS0J13 

4i"<-P-*]> =tz*v*?-Vi>K fW^t7=-!)y^ 
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©»»Sr§l#fii+Olc+»-e*)5*»5d», fcSV^tt^n— ^at-p u*^- 
KC5* *4S5©«:tiP©$:ffl©;* * Kin CE^JSrW-f l"<-?-* P =f 
5? * v**? K©3' *«±©5? * K©#ft#, H8©&ft«r4&iI-*-&e>l;:& 



M13mpl9t/^^P^X-f5^t*, IU32lo:*-f. 0328^(1, ±^^P^ 
^U-tf-^K (K?IJ##45) ©3'*«g*S, T* rT'n-T'j * P * K ( 
6B?!l#-S§-43) ©S'^Digftic-GmLT^T, if ^©tfP ir Yk t> 

K (ga?ij#^-45) ©ge^jtt^n-^ (ga?ij##43) ojtc±«te*D, ^ie^jpa 
^•r. r©Htt. -tit r-r>~<-y-j *p=f5«^u*^K (k#j##46) 

^©3'^^^iic, Tiift^n-^ (&?ij#^43) ©5*««rtJC#fii-5E?!lt 

<om— t ft v h k W ^ P ^ *1-5fc»lcate"*-5 r. t 

UBftSfcP 5 /tit Lfc) o ii^lfix #>«r0. l%©Tween-20*J iW-40, 4 
mM MnCl 2 ifeP>Wc:iOOiiiM KClSr^1-520inM MOPS (pH7.5) 5 



tflS^U 2.25a l ©Cleavase® A/G k 7- 2 KlHfc© il 

JSPKSSSSLfc'fe©) Sr#*fLTV\fc e jg£-<t&)2f±, =&*0. l%©Tween-20*3±: 
tWJP-40, 4nAI MnCl 2 ^PjWC100mM KCliSr^-f S20mM MOPS (pH7. 5) !& 
£*J 5 n lSfc P 11. 25*&©Taq DNAzft P p< (Promega) $r£^T LTV\fc. 

jS£«j3H\ 20mM Tris-HCl (pH8.5) . 4mM MgCl 2 *5 imoOmM KC1* 



K, i£-&$J5 Ail SfcU 2.25/al ©Cleavase® A/G 1^7 — tfttHSfifSr^l/ 

TV^fCo il-&fe4tt, 20mM Tris-HCl (pH8. 5) , 4mM MgCl 2 *5 it/lOOmM KC1* t£ 
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, iB^*5/tiafc*>11.25*fifc©Taq DNA#y * 7 — tfSr&^T LtV^fc. 

DNA (SftgEg?) ^ S^^KD/n-T'ty^^^f K (3'*iffi»r7 

?WK©lo E?iJ#^-44~46© 1 o) ©50tf=*^i:HBf»CL. 

fc„ 8EK£fc 1 jgjWChill 0ut™^Kit^J5rfiS U 62t;|CiP£Lfco 

5 m KDmmm&mzmz-z z. t k x <o mmRfozwite u s®&£62t-e3o# 

IBM vdf-a.^- h Lfc 0 E134CO i/-yi~3 td^l-RJSlcteS-g-^ l Sr 



IP*.. Sf£?4~6(c:«)l-g-^2SriD^, SJS7~9JCttjl^3SrJP*., RJSlO 
~12tCf4jl-a-ife4*iPx.fc. 

62t-e30^ % 20mM EDTA*i£tfO. 05%T-;t?-£Ji£"£*-f 5 8 m 1<D95%* 
/WAT? KSrJP^SrttCit), ttgJfcfcffikUfc. 45mM Tris-*?& (pH8.3 
K 1.4mM EDTAOig«^"f{!:7M^^Sr-&Wi-520%r^ K^V (19 : 1 

ttftftttfL Hitachi FIBIO»*>f^— 5?-r-*ffifflUTSlS«*Sri!r«ftL 

, ±«m- y =^5t * K t bTgB?ij#^46o-r * y * k 



^S^iilUT Cleavase® A/G 2 2 V 7 — If * (i DNAP Taq m^tlfr*&m 
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i 



mi-eii, ft/h©^yy y^mftfctis. dnap TaqS^oa^itt, *9i'*7- 

HI*. =y^©AofcSRfc^5r<D»3Rof^fflfcBai-4r.n*-ew^f>t (Lo 
ngleyb, flt£) fcifr&LTl^a. ld>Ut#b, -hSE* !J =** * K#ft 

y =f5t * K©3' *$g©, «»b*:XWJMSOtt*T=-/Ht© 9 \s1FJ- K 
©#&-?&*), ^7°n-^©±Ji-T?T--y ^^ufc^-y K©¥* 

3HJ60J14 
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fcttfc h©»DNA) &^WLT^6^fltttfSfc51fV7VW'-C\ 

^ex/l'SWg^MlS (— ##}CDM13mpl8f±Lif e Technologies, Inc. ± 9 A^«Ttt 
r^OM13mpl9HNew England Biolabsi •) A#«rig _ e&£) £t h-/ 
/ADNA (Novagen, Madison, WI) fcHfcfclU OV^^f ^-^-ffl^Wg 



y ^<-S/b ^Sr^tf*5 ^ 7— t?a«S*:*fctt#*«IDNAS5!I*£r y 
95ttn5#fflML-c\ K-y-V7>&££lc:$tt3'£fc. 

H35WU-— V2~5^*-t-#KJST*f4, I6«)DNA (257 -i" a^/KDssDNAio 
itfi e°n ^©dsDNA) £50 1° = ^/KD-T y 7 U^-f - K (IB 

?iJ#^-46) t-^(rLfc„ w-vi»r^i-si£?-t?tt« ««jDNA*iq*.fca»ofc 

„ R£l, 3*5<tU55!4, 470ng©t h^/ ADNAt^WtTV'fco - 

ii&©jB^»*IRe*T?lO/tlo**t U Chill 0ut T1 %»B6ifc«l*SHL, 15 
#ffl95tK: Lfc. r^y+a'S-i ^g^R!©*^©**, £-<|W0/ilW 
jl-g* #*0. l%OTween-20*5j;lM'-40, 4mM MnCl 2 & btMllOO 

niM KCl$r^#-rS20mM MOPS (pH7. 5) *K2.25/al© 



Cleavase® A/G 3* ^ V 7~ If fi&ft^ (^JS0>J2 tClBffcffl fc*5 «J HHSiL/ct. O) 
t 5 f at/KO/a- 7*5fy K (ga?iJ#^-43) i: £J0x.fc 

„ KSiSttl5^W62 < Ct 20n*l EDTA*3j;m).05%T-*— fe^^W-TS12 
n 1<095%*/WAT 5 K£JDx.-S;i ilcj; *»&KJ&£ffUtU5:o 45mM Tris-*7 
B? ( P H8.3) , 1.4mM EDTA©ig«$tf lz:7HR**r^1-.520%r* y >VT 5 Kt* 
/V (19: lftffi) K:ai-«ftflc»0*iffc» tf-^7Vu&75t:K:2£inillJRLfc. 

Hitachi FyBI0«3t-f ^-^ + -*«ffli-TSJts**«ra{bLfc. 
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035(C^-fo 

K*«»EMfc#LT4*JlftT?*> 9 » **fc/<y W^V^s J ^DN 

fc»i#ttT-C— *R*»DNA (M13mpl8) . 7°n-y (SB?iJ#-§-43) *JilW 



fctt#&T-C-#H*ttDNA (M13mpl9) , ^n-^ (E?iJ#-5H3) JJilW 

»KftBK«rt-5. *«tb» i9«<» **o, **USi?»re*VHI13 DNA 
*Hfeoft*WK*r, iD«lftk h^/ADNAi!J:9«*K:JloW5T? 
*5 3£^&£*VCV\fc*»e>-T?;fc3. M13 DNAtdjftofcSWea^t-T'ci— 

y<— ^—*y =*x* v**- K*»#i-*«nan3 dna# y t 
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NA (470ng/20^ ©^#JI»04Mltt*ifel>***V*£. fc t>jj* UT 

XMM16 

att©lffi©il%£ it© 



^UsJ-^K (E8BHN6) , gfi^n-^ (EH#*43) ££tl<»tt«BftM13iiipl 

•SrfUSLfc itl^tl5 nKD^^^—m^mt^ #*0. l%©Tween-20*3«};tfNP 
-40, 4mM MnCLj&ktffClOOmM KClSr^W1-520mM MOPS (pH7.5) *(C25ng 



CD Cleavase® BN 3? ^ V 7 — M bT V^. El 36 ©I/- V4-13 il^l^ 

n-^y =r^^^3j-f K (ibjij#-s-43) , so^a^/v©^^-^-:*-!) 

WUrf-Y (BB?iJ#^46) *5j:tf**X^*U00, 50, 10, 5, 1, 0.5, 0.1, 0.0 
5, 0. OltifcteO. 0057 A =-*/W©-#£Ml3inpl9$r£#-f 5DNA&£& 



£SI»Ufc. igDNA5g$£, 1 Chill 0ut®3S#8fifrjfc*'J't*«V\ 61°C£l< 

mRfc^fflilQul-ehofc) o 61tt?30^, 20mM EDTA*3 £W. 05%^-*- 
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fc„ 45mM Tris-*?^ (pH8.3) , 1.4mM EDTA«^«^*lC7M^^*-&W-t-520 
%^ttT^ V^TS. Yf)V (19: Kiii-««»»©aSMtH!:» f-V7>£ 

^SWT'n-^ y =f* * K (SM##43) ©1. 0, 0. l*i ±#0. Olfa 

^e/WT y a- hSr^tB^/WAT? K**-C#RUT, 18 ji l©ft£$ft£ Lfc 

tc 0 tt*ti*tttt< Hitachi FMBIomft^-^-SMfcffl LT, N!SK&©K* 
(38J:t«W»*JlW) fc'BrtlMtLfc. *©**«:IH36fc*-*-. 



(#©£±{ctel~14©#^£#U #©TKttVlc*ltTjR**ra%LTV^S) 

^©tfKtf* ^S/Srt icflPdEf 5*«JDN A©*5rS?*-r 5 £ t LTl^S 

Sr^LTV^. r©rifi, 107^3^/w (0.01 If 3*^) ©^MSf^n— ;/£ 
*fw- V 3 ©*£*&, 107 w 3^KD^KDNA©#ftt^CT^bfcefe 

Sr^f w— y 5 ©*§# t it wet 5 - i i 9 w e> wc* $ ft*, r e> ©*§*» 

JI&M16 
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fitt«B*W»>f £#£1" S £ i t«ft**b (c «fc D If 

-m^rnQTymicMjUt. W8!©ia**JJ:tFIW«Sl6©»JlttK:#r5«« 

t r-©g|?£l.5ml£*«\ : ^Dn*W : 5/WT/W=>— ^ 

(25 : 24 : 1) &£^pf 5***©ffl£*"?l HttWUfc. »6*Lfcffi£#fc5 

fttC^Lfco l/10^a©3M NaOAcS:*Px., Rtf ©!*»**&*£■ Lfc. 2ffiF* 



13, OOOrpmT* 5 &N&<L<£NI U ±«ffc© <0 ffl Lj§3gLfc„ ?Ltt^ w y h 

fcBfcfeivfc. R^i^y h*70%3i^/-^r*i[5]St\ «ETT?tt*U 200 

MlWlOmM Tris-HCl (pH8.0) , 0. lmM EDTAfcj§$? Lfc (rftfc: i 9 gli&ttfflfe 

*HI»*«3tfcJ:<5*iS«ttW*©^«fB:» ^260nm»c tr-^K3t«Sr*U * 
W» 1 l» IS*: 9 £tH&45ng©««©#ft** Ufc 0 



ttT0ltofcW1"*«tttt**©##0»*fe**fc : Cleavase® B/N^l" 
7— If, Cleavase® A/G 2*U7— tf, <fc 3 OCD JI& 5Py hK> DNAPTaq 
[AmpliTaq® ( Perkin Elmer ; DNAPTaq ©a^^.^®.) , AmpliTaq® LD 



(Perkin-Elmer ; *lfffc<6W"5/W©DNA*-&W*-5»*^.DNM , TaqWlfMfc) 
iOTaq DNAjKP ^ (Fischer) ] „ i*^i--5#^(COV^T, mm/7v 

— T'jg-g-fe^SiLfco ^-g-^tt, #*0. l%©Tween-20*5j;tfNP-40, 4mM M 
nCl 2 , lOOniM KC1 ft h tfi\Z 100 n g/ml BSA$r^"f SIOm l©20mM MOPS (pH7. 5) 
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IB&CDfcfcOKiltibrt: 25ng(0 Cieavase® BN. £Jfc092 *CfiHft0fc *J »J KMK 
Ufc2#l O Cieavase® A/G 3*? 1/7— tffflfflttL 2.25^1 (11.25 

0D^.T©DN A)KU * 7— If : AmpliTaq®DN A*°U ^ 7— fe* (Perkin 
Elmer) , AmpliTaq® DN A#'J * 7— bf LD (low DNA ; Perkin-Elmer frh) » 

Taq DNA#!M7— € (Fischer Scientific) „ 

IWDNA (507 W a*;VO- ^:^M13mpl9 DNA) 50t°3^/UCO-r V^<— 
/-tM5!^WK (gE^J#-§-46) *>£tf5 f at^WT'n-^!) 
U3T^K (gB?lJS^-43) fc-fcfcLfc. KJ&l (U-Vl) T'», gStfjDNAfc 
JDx.^^ofc 0 Rfcl, 3, 5, 7. 9:JoJ;mittl.5/il<Dlfi&ttffl^£rg'A/-C 



tiCleavase® A/G * * 1/7— tffcilDAfc. £j£ 2 «ttF3 Kfi Cieavase® BN t 
JDAfc. £JS6 fc % «fctf7 dli AmpliTaq®^*, 8 i 9 K li Ampl iTaq® 

LD^Px., Kl&10:}o«fctflllC»iFisher Scientific** P>OTaq DNA# !M ?— t?£ 
K£^£63 < C-e30#M^ Vdf-a'*— h U 20mM EDTAfe £TfO. 05%"*— #— ' fe 

^^■g-*-t-5 6 /xl<D95%*;;wAT5 KSraojtSwfcfcJ;!), Ka&SrffJfcLfc 

o 45mM Tris-* (pH8. 3) , 1. 4ibM EDTACO^f5^4>{C7M^^^^-t"520% 
7*1)^7 5 K^A- (19: l&ffi) (ca-fftJOictteftttK:, *:/^Htr76lDfc 
2^W*PSftbfc. Hitachi FMBIOUbfc-f - LTS^SftSr^^t 
Ufco *<WBf*fcBI37li:*-f. 
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ZtttfLT^Z. Cleavase® BN V7~~ fc'fccktf Ampl iTaq®T*{i, Ztlh 
(D&ftTT'Offlm^Mlzm.m-S tltztiK Cleavase® A/G Z ? V J— tf £ J: 
AmpliTaq® LD Ji, r^$tl) t c^O-^(DJR*<0^a^i^:e^:^^l>T^^^\ 



Fisher Scientific^ P><73Taq DNA# ]) / y — ^<DMM^ti> * ffiWfOS&^U 

ftfc&K'ffSr y-fe-Ytt, i^T— ^flH4©«»SrM?>!6»fcU*i^J: 

MMMf^^ritttt ("*ffittlb«ll-*l-t-5fc©) DNAPTaq£©Pfl 



K*firC^»©7 5 yKfflffl3tft*i"4 Cleavase® A/G 5? * U7- tffefflV^fc 

Cleavase® BN fcitf DNAPTaq «flt0»l,\Rl6;fcfcV>TT-£*.. 

mmmn 

^©XEWKDNA^y^y-ifAS! Pol IMDNA^U^7- 

JfiMltSiUSLyamichevb, flJJt) . ^nfaWX-}*, Z<Z>? y *<Dmmch. 



Mft5 3oWHfH4DNA^!>^7— t? [TM^-7^7r-f^ (Thennu 
s aquaticus) DNA<J> 'J / y—& (Promega) , rM^-t-*?^/^ (Th 
ermus thermophilus) *3 £ tfrA'A * • 77^ (Thermus flavus) D 
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NAtflM^-ir' (Epicentre) ] Cleavase® BN * ? V 7— t?*J «k 

Cleavase® A/G^^PJ-lf'feKStl/fc. 0 38 Ok-V 1 ~H fiJC&T*ffi 

>1 : #*0. l%©Tween-20jo«fctW-40, 4mM MnCl 2 , lOOmM KCl£"g^Pt~520mM 
MOPS (pH7.5) ; : I'-Vl idOV>TlB«Lfc»tPC^ c f © 



25ng tf> Cleavase® BN 3*^1/7— t* ; k~>3 : l^-V 1 fco^TKHUfcOi: 
Pli;?lF««t>0 2. 25 /til © Cleavase® A/G % 2 V7— (&jMMM2£IBtt 

<Ot*5 9fl$!!Lfct>CD) ; >4 : 20mM Tris-Cl (pH8.5) , 4mM MgCl 2 *5.£ 

?J* lOOmM KC1 2.25^1 © Cleavase® A/G 1/7— tflSM I/-V5 : 
W->'4JCoV>T|E«LfcWi:llCig»^4 I W11.25JKy ^7— ^*^WTaq D 

.25#y /?— tfUMfcOTth DNA*!)^7-f ; : J: «9 & 

2 XJgStf>ig*iK(C 4mM MnCl 2 £}§£ Lfc$4"OH. 25# y ^ 5 — 
tt©Tth DNA*^7-f; : 2 xjgg© 

$»?&£4mM ygCl 2 "C*lJ£Lfc««t'011.26>J*y^9-**4tOTth DNAzKU 
*7~t?; : ^1 (;ioV>TfE«L;fc<£il^Ci$»&*<£>2.25 

#y — t?l«SOTTfl DNA^Ky 7 — £ ; ^10 5 
ftfc 2 xSS<D^«f^lC4niM MnCl 2 £*fJS. L.fc$*<D2. 25*f y ^ 5— tflWtOTf 
l#y*7~ £; u—yn :JMIt«tJ:9^*^fc2xil«oaWKK:4iiiM 
MgCl 2 §rffiSUfciS*(7)2.25JKy * 9-<¥tt©Tfl DNA*!)^ 9*~t?. 

iat> ^©I^aiti, 55^1©^®*+^, 5507^ => 

*)\<<r>— *^M13mpl9«KlDNA, 550tf3-=e/V©W ^y =*3* ^ 
K (E?"J##46) *5<fctf55f 3^W©7*o-7**y sO^W^K (E?lJS^43 
) (*n?nH28cfcBil©t>0) Sr^*LT^fco 5)il©fDNA 



Sftttfc* 11 ^SSS^tifc'i #C#i£U l«o Chill 0ut®3S?&IS.it2!lfcfi 

lit, K£tf;£63 , CiU 5/tl««Ba*»*»&**rJP*-S-i:fci9BIS! 
^rlB^Lfc, oV^fl^»^fr63t;T15#IH-f V^a^-hLfc. 20mM EDT 
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±9, gt&J&SrfM: Lfc 45mM Tris-#?g? (pH8.3) , 1. 4mMEDTA<Di$»$<P K 
7MR^$r^*-f-520%^ttT^'J^T5 (19: (-il"^^**© 

ittff^ lJ->'7'>'W«r90 < Clc:i^raSllf! i Ufc. H£ttfcib&. Hitachi FMBIOlbt'f 



HWJ18 



Z>mil*:m*tz. Cleavase<l®^{li£JfLtt©*7.*P^^-x-f#*&S:#^i-6 
2 oro^ WSKBE^iJ Srft¥#* U # !> T * !> A'T 5 Ky/Mt«*»K i 9 Mrs 
Lfc. p ^*T- h#***MPtt«r*M! U-C. • * y =** 9 h't- 

i^t-^-* y =r* ^ k (ia?ij#-^46) *j iuv-'p -y* y =f5c ^ u^-^ 

, «TWga?lJS:-^WL.TVfc: : 5^Cn-TCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGC 
-3' (E50##47) . BJB#-§47K3H-«*-©*S0J6ftft-&*f*-<S!B2 0« 
iftBB^JST-n-jS L7c : 5* ^CITTCGCTCTCTTCCCTTCCTTTCTCGCC ACGTTCGCCGGC- 3 ' (MP\ 

4ofc, 50mH KCl£r£tf9 AtltfHOmM HOPS (pH7. 4) 4>(C2007 3^/K0gB^J# 
•#47tfci4SS?lJ#-#48<7D^-fiX>!i\ 3 ^at/KZ>7^tUt>f 
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3J^l/^^H (@B^JS-t46) fciTJP 2 ac 1 © Cleavase® A/G 5^1/- 7— tfttiiJ 
* (JIK«2lc|B«W>4::l3 0il*Lfc<t>©) U ljg© 

Chill Out«38Kjhffl"eBv\ 38S*£fSMfc Ufc. 1 a 1 © 20mM MgCl 2 fc 

mM EDTA*5J:0O.O5%-^-*-fe^5:^i-SlOMl^95%*/WAT? K^*DX.T 



JfcB*** Hitachi FMBIO«3t-T *-$>+-«r«yfl LT^ftLfc. %hfl1tW 
TV**. 

<dT&<dW— oifigo $ s^©#&k: J: 9 &t>tio 5 r. & £^ u-cv*5„ :o 
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oh- (i-*t>t», mows® %-t*i**i*5firrs«»oiaai^ , n-^*]|i-© 

tt>WffiT-fe55o *©J:34filS©Mfctt, 

©«l£fct>*r«Bfc-*-5-e*>*3 C«BfiK»LT»«T?fc*##*K*iMI| 



«*#©«*«©**»* *-r*tt>» ^ y-f-tf— >a v©aa»fc»»sr& 

<OjfiSrol8it£tfcW-C# 5 r t # 5 t UK LTV ^„ 

Hifc0iJi9 

a* we*> 9 » r ©r y*w *fflv>-c^«i«g?ra©¥-©ms©ffissr^ta-ct 



Cleavase® BN, Cleavase® A/G, DNAPTaq, DNAPTth, DNAPTfl) £ffi/8U?£C: 

fc**Lfc. 1MB©**"?!*, ftAWIBS^SlS:^, *ft©*S**flSfc:J:51B» 

BUSSfE:©^©^©!^^ efePfl^MIHMMIttraifrafe & 
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a) ««M«>r issi-y-UHmmus 

lOOmM KCK 4mM MnCl 2 & 0. 05%WTween-20j3i 

t«onidet-40Sr-&W1"Sl0*tlOl0niM MOPS (pH7.5) tplC, 1 7 =>^KE>M13mp 
18-*^WDNA (New England Biolabs) , 5 l^3*/V©g^o-/t!) 



^l^^K (E#l##50) , J: tf 2 JjM&CD Cleavase® A/G fc^-frt, CD 



»l©W»*««**lP*.*ri:K:J:*)RlS*W*&L.fc. r©tag-C20^, 20m 
M EDTA^oiW.OSo/o-v-^— fe^Sr-&*-t-5 8 m1©95%*/WAT$ K&AP** 
rttit), $£JS<SH?±Lfco 45mM Tris-*"?^ (pH8.3) , 1. 4m MEDTA©<g 

ffimwzwamztt-rwooAT? y^r? (19 : i&«) Kiii-m^* 

ttOlttWIC, ■9-V7 p /VSr75 t C(C2^H»Pfg! ! Lfco t^»f, Hitachi FMBI0& 
■41tt, M13m P 18^«J^ (T«©«) fc» 5**fcS#f 5> ^n-^fciitf 
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4 V<-?-isr Vitf- K©T— — V H41"Ctt, M13n)pl8# 

T-<D52** Viirf KWgP^O^-^$tlT*3 9 , ^©525^ KWSB^Jtt. 
63?IJS-§-42 (rCDE^IJtt, M13mpl8*3«tmil3mpl9CD^(C*5V>T[^CT-fo5) IE 
f2«£*lT^5 0 R^n-^*!) =r**U*^K (±W©«) 5'*«tCy3 
7 ha^ML, Syn-^W^iJtt. 5-AGAAAGGAAGGGAAGAAAGCGAAAGG 

T-3' (EWN9) T'fcS. (2'-0-CH 3 ) ©#£&^-f„ Cy3 

T$^-fh (Pharmacia) fi, tf!) ? K<^J&^Cffit©#:e-C&& 

(SiE:fc<fcl^ft©**tfS*;Jx€*i554 

: 5' -GCCGGCGAACGTGGCGAGAAAGGA-3' (gE#l#-J§-50) 0 
b) KClrS^ 

042f±, KCl»&&&ffc;£-e\ 2mM ynCl 2 &0MBLfc#& (-ttfXfeW^-CiiS ' 

4J45mM<0KClSr^U ^5*3^0=6 1425inM KC1^*L-, 
tf8fi50niM KClfc-^WU W-V9&£motelOOmM KClfc^U 
iT/12»4200n*l RCl-Sr^ LT^fc, £ ft ?> ft, KClSrJPx.?) £ , #g#J& 
H«S»©£j«!4«nfifc*$ £ t Sr^ LTV^. V^/W»100nll©Kei» 
«r»»b*l»fc!4», 2SiI6Jl±©IK;i»flE**"+5«l9©K*:ic38lt5'>^A'© 

25~200o*0 A»fcO«S©a^nriB-efc5i tSr^LTV>5, 

iSlts m M*.\£> KC1) ©#&&&g£1-5 0 KClfi, ^25mMSrjSx.5»« 



SSIEJfcfciSVvt, Cleavase® BNgMitt. ^7-fT-©T^4T, 50mM KCl * 
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* fc kfcLi + -Ctt& U iSMfc*W * ^S: 5 ^gTCfiife Lfc. KC1 £g'Jtf>ig-C« 
fc-fSwilCOVvt, STF©c~e»T?R9H-*. 
c) NaClfgJS 

H43fcir±, IWM Kills— >l»£V2)-VM.btl&'B0*bttML\sX, KClftfr 
9 lC#«igaroNaCl$r^ 2mM MnCl 2 £<£ffl LfcJ&fcSr^H^ > 3 -10) 



JS(475mMONaCl^WU V 5 ^±0^6 l4100mM(DNaClSr^ U U—^7 
*5i058 l4150mM©NaCl5r^Ls l^— >9 jb'J;mott200iiiMroNaCl5r^Lfc. 

d) LiClS^ 

H!44tC«, lOOmM KCl(l^-V 1 :fc£tf2)T?JLe>*v5&#i:Jt!tfcLT, KCKDR 
t> <9 te#«*g©LiCl SMfcffl ( l"- V 3 ~14). 

aBP»*Slfi'C & 5. V 3 *3 i 4 T?£*f Lfc£J& (*25mMcDLiCl b , 

V 5 33 i 6 |}50mM©LiCl U l^- V 7 *5 £ 8 l475mM<DLiCl 
U y 9&,fcUU0tel00iiM£LiCl£"£WU VllioiU^filSOiiiMWLiCl 
£-£:frU U— yi3*3iTJ?14«200mM<OLiCl^WL-fco ^©SS*^ LiCltt, 

e) KGlujK^ 

E145{Ctt, ^?yK©*!J!>Afi (KGlu) £\ i «3 — j&ftfc&FB ZtlZM 
itVom. (KCl) 0ffcb0fc, -jEttffl©»«"CfT*5R*S:i!:*Jv^"CttfflLfc»* 

ttH©»*"C**©BI*flH*«:flF»^S-i:!»*4*vCV^* [Leirmok, (1987 
) Biochem. 26:2095] 0 KGlu^«W«»KJ*rS^n-y*JitM ^— * 
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fibcom^X'ii, *!Ptt*20#IH-m* < 15#WKJS«rfrfcofc. U-V 1 
«f Lfcg£ttl50inM£>LiCl L65t-CfTo fc„ L— V 2 ~ 4 -C#tff LfcKJfc 
te200mM, 300mMioJ;lM00niM©KGluSr-&Wts ■?rn ; ett65 < CT*fi : 'Sofc <> U— V 
5 ~ 8 -C^W t tcRfclt, u- > 1 ~ 4 -C&ffl Lfc«S*«HSff:Sr«l 9 31 Lfcri* 



l^-V13~16«71 c C-X? ; fTofcl^-WMlJ*^^-ro H45^L-fcig*H, KG 

\^ rjifc©?*-*!*, WfEftKGlu©»a&H#LiCl<D»a«£fflJ: 9 t>jg-W-£ 
< , 400mM©KGluT'feot 1>+#&fiH4ri s ?»3 feiHcRfc r i Lfc. 
f) MnCl 2 *3iU!MgCl 2 jg^^0 t l::MnCl 2 SrMgCl 2 t'B^L5 S^Fflte 

urn™, aKiciSDNAo^a^it-rawicftffi-ts^^T-Mgcia^ 

1) MgCl 2 tCj:2>MnCl 2 tf>«&, *3.tmteCl 2 *5j;minCl 2 0#^ftSriiSR$*fc 

046ft, MnCl 2 Wjg^5r2mM^P)8inM*-C^'fli$-&fc*a-, MnCl 2 $r2~4mM<73 

mftteRfc) ^*5r*-fo l/-Vl*3j;U!2-e^WUfcSJC£:tt. 2mM©Mn 
Cl 2 *3,tmigCl 2 $r#WL-, U— V3*JitJ t 4C0S^«2niM MnCl 2 C0^$r^Wb, 
U— ^5*3 i 6 {43 mM MnCl 2 £r£;frU V TtJit/S f44mM MnCl 2 £#W 
U u->-9*5j;UtlOH;8iiiM MnCl 2 $r-g-*LTV^c„ £tfl2-C#}lrL 
fcS^tt2mM MgCl 2 £-^£U W-^lS&itfHH: 4mM MgCl 2 £ 
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gr*U-Cl*fc. Z.toh(Dffim&. Z.tlb(D&miZ&tfZ> Cleavase® A/G$f!S£> 



ft, SftgHftffil (volume excluders) £ LTfftB LT, H&OfeSWtOflSMI 

g) CTABe&SSiO©^* 

(CTAB) (4, »M/!J^f-- ^a:sfrj|lttlCJ|£rS£&#a*£ivC^ 
5 [Pontius*5<fcl*Berg (1991) Proc. Natl. Acad. Sci. USA 88:8237] . 047 
K^Ltcf—f KCKOftt5 9tC150mM LiCl*«ffli-5£il^l±g|!pfi<J*SJSt? 
foS«AWSBSSJtS-#B«tt?tiJCTAB^m* LfctS**^-f. 1— V 1 

(BP*>, *«{&f) 7°n— ^Sr^U u— ^1 l-^LfcS:^&^4CTAB5rffiV^^V^LiCl 
T?3SC^ Ufc«fllRlS:-e*S. U->3 *S J:tM LfcTOEttlOOjt MWCTAB& 
^frU V 5 3oJ;T/6te2u0jtMOCTAB&"^rU V 74o<fcU:8 tt400//M 
OCTABSr^^L, V9*3imoi4600/tMOaABSr-g-WL-, >ai:}3 £#12 
!i800/tM(DCTAB£-&:frU U-V13*5 J;m4(ilmM©CTAB^^L.fc„ 

<fc 9^*v^*©CTAftjjrnb©^^T^*iirKa«ft*aa**«r# 

h) PEGO^PO^g 
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H48ICI4, &mmmttmi% (w/v) ]»#!)xfuy/!)3-/u (PEG) SrJnx. 
ZZt (t©«©jS-ett«!p«J*R*£:) {diS^Sr^-T. PEG-£WK£©KJ£; 



U W->-5SoJ;U?6{48%PEGSr-^Wb, > 7*5<fctf8 «12%PEG5r^U 

fc. Mai<o=§-s^tt6i < c-cff-ofc 0 i — >-9, 10, ii*3im2-e^«fLfcSJEtt 

, 65t-Cm\ ^^0%, 4%, 8%*5<tOtl2%©PEG^^"L-fc„ iitib 

©^sis, v?Gzmx.z>b. tmLtci-^xoxtm (%) jsitmnLftw*© 

£jt±i£©x-* (BP^CTABiJitFPEG^JP©^) ©ted, gJ&fS-g-W© 
1 XDenhardts«tt©#fctt. HJ«Slfi:fcflTfeffl«5»*rXtf L 
[50XDenhardts^?gf4, 500mlSfc <9 5g©7^ =»-/K 5g©jKy f=^fc°n 

SiCgiLT, Denhardtsjg»©#fifc#©#&£iBgU&te (-fftfrfc,, 7-fa-/V 
i) 5fc£fl0S©«ail©l*» 

049!;: (4, 15% © ^ U ± a —/U%m iS^i, *J «fc Xfl. 5% © Jf-ffifStt^jTween 
-20*5 itWonidet-P404-^!tlt?4fctt«l-&*T*P^.5 - 1 (^©f4.©^-e(4^Jp 

V 2 T?##f LfcKfcttl. 5%©NP-405r^ U ^— V 3 ttl. 5%Tween-20Sr^^ 
U W-V4ttl5%©^y irn-zPSr^Lfco V 5t?##f Lfc£j£-Cti:Tw 
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S*J^IU ^7H:^y-fern-/WjsJ;tfrween-20©2?*Sr^U, V 



SrJD^SrttciS^tr^l-o $ 6>tC Z.hb<D5J&0-£XZ, 61XHCKZ.X 
ttt-eftotZo U—y l~4t*7 sHr^ LfcKJ£teKCl£8siP-fr?\ -^tl^ttf). 0 
2%, 0.05%, 0. 1%£fcl40. 2%<Di?75 1 Lfco l^-V5, 6, 7*5i 

tf8fi, *h^e*vi??*':<'*:W*»SU lOOmMOKClSr^Ufco 10 
, ltfoiimfc, -t?7^£rH3Mg£U $ bl-KCl<D^i>l9tC150iiiM<DLiClSr-^ 
*Lfc. U-^13*3j;m4tt, if^VSr&SfcVV&S, ^tumi00mM<DKCl*fc 
H150mMOLiClWl^tb/4^-^WtfcS^Sr^-ro 050}^ LfcS$*», IfiO^F 

i>\ Z.tib<D&ftTXftte?Rfc\m (KClSfcttLiCl) SrJP^fc^a-lcl*, i? 

j) #*0*^W^KW^PCD^# 

rt^aST-fcS. ^Hitr-ft, #S<£>#«llH« (DNASfettRNA) cogs 

JPis«AWMSIS^o^Stt^S.(J1-^#^il'<fc. *«BI8*Wfc©*fl:, 

051tt, aUP6t*SJt£:©KCl©f^i3*)^150nM LiCl£&ffl UT65 < C-Cfi 1 35:o 
«AttW«K£fc»1-a#ttJW«J*a y/ADNA*fctet RNA) 

70ng©yy ADNA?rtf Lt^t I — 4, 5 43 J; 6 -e^tff UtSJS 
tt, -tft-^ftlOOng, 200ng, 500ngi3 itfl iig<P t RN A&"£*LTV\fc. 
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y 7 wt, mmto&R&tQimi' z&*±®zmam&t%isGL%^ttmRf&&& 



'^Wmm. ( P H5.9) Sr«fflU-C«AW««R««rfT*ofci:C6, 

So 

^ V^-y-fc*H»fc£ 3 RN A*W©<fta 

x.ff, cfflff&iM (hcv) , t Yftf£^±V'(fl'X (Hiv) fc£©»oa»© 
iM/v^Affi (load) ©*«fcLT«#1-a 4. 5 

CWm0tt<<*X (HCV) JgSfcfi, ^ift^iC*3V^T^jk^^A^B (NANB) JffifccD 
±SJBHi:*o-CV^«. ^bJi, HCVf*. iWOfMM (HCC) *5<fctftgt£tfF 
3fc©±R#M5t{rT?*>3. HCVW^V-MS, (9.4kb) RNA^tfeS. jfa. 

SHn^/KpflMCV RNA©#fiEHa88Stti:»<ffiBB-f 5**» 

wgt-csijjg Lfc^-roHcvfei^ro#^i4^f - ^^©asstt t s t i* 
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«»«$*btofflWB*-ett» Jkiim»»*»tt©**-e*>or*>, hcv rna 

^BI-^tU$tt5-i:* s fc'5 [J. A. Cuthbert (1994) Clin. 

Microbiol. Rev. 7:505] „ 
HCV RNAfc^W-f ^ta^< Ty-fe-f ©BB3S*!f**iirk^ 

<D*V (carry-over) BMC BS% h1t:fflmtim& & *VO * S. £<E 

^*fctt*«*fT*toft < T ■MA'* RN A«rS8aftWT?S:h.tf, K#T -yir 
-f w^^ov % < od>Mgr5 r t iissmt ft 6 5. 

0 . 2<@(03i>-x:n-7'«i^V^^S. (El*3<tO?E2/NSl) *5 <fctf 6 <1 
•f^V^^K (NS2-NS5b) Sr3-Ki-5#y *W<*K = — K«*fc«r£tf. HC 

5'#3-K«* (NCR) tt, HCVH*SV>T*t>W«ICfiMlPS^-CV^S««T? 

i6^i^illft*t4J^OOi>5 ; ftafiW^^ICOV^I*, Altamirano 
h, J. Infect. Dis. 171:1034 (1995) Sr^HBSftfeV*] . 

-T^^t-y-it^-IBiSSJSS^HCV RNA*l*Hrt-.5IB#fcW'<fc. JlfcSefl© 
HCV R N AWtttOfitft $ ftfc5' JHMRWK C SJfrr 5 DN A Sr^WT 5-^9 * 
SK«M$yflLT, in vitroC^©fcft©«fS!S:^»Lfc. itlb©6fflcD7°7* 
5 K«fl^WS*L5HCVBWH:, afiMl (la, lb, lc*Jj;tFAlcfcft*rS 
4fi©ffiS!) , 2*3i^3$r^1-5tWT?fo5„ rr-effiv>5HCVjte^S[o 
ig^H, Sinnnondsb [Altamirano b, MliJ-IH*$ttT^5] ©t>tf>-C&£„ A 
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a) HCVEjy«r^-T5^7^5 KOfW 



RNASrttffl-fSRT-PCRtiDffiHLfco rixfcOPCRKf^B:, M. Altamiranotf 
± (University of British Columbia, Vancouver) frblgM&tltch<DX*hZ> 

0 rttb^PCRBffrttv HCVite^Sla, lb, lc. Ale, 2c*5 it53afcS*-f5HC 

(Altamiranob, IM) Srffl^T, RNAtttH, m^&ZTfPC 

;V =1 > V IH- M> ^ A*J i 7 a y — * p n A £H£JB bT 100 1 CO ifrff 
a>fcRNA£«ffibfc [Inchauspek, Hepatology 14:595(1991)] 0 j2f5glK#<£> 
Jf7j*fcttV\ ^«T^*^^^5^^-HCV342©#&T-CGeneAmp rTh^K^ 
BSfRNA PCR* y h (Perkin Elmer) LT, ijfrte^SrfTftofco HCV342:/ 

-r-OE^JH:, 5* -GGTTTTTCIT^GAGGTTTAG-3 , (gB#l##51) "C*>5 0 RT£j£ 
OjfcTft, ir^*:/5^-HCV7 [5* -GCGACACTCCACCATAGAT-3 , (Efll##52) 

1 fcitf^*^****!*., fBiPCRSrfrftofc. ^lPCRS^bcoT V a- h 

/7>f"7-HCV46 [5' -CTGTCTTCACGCAGAAAGC-^ (E?9#*53) ] 43£UttCV3 
08[5 , -GCACGGTCTACGAGACCTC-3 , (E#l#*54) ] <£>#ftT"C^2 (^*X^ K) 

PCR-CtefflLfco r.tlb(D?CR\^ HCVy/ AO-284& 4^0HCV(D»#$n 

fc5'#=«— K«# (NCR) fc«St-5281bpOS«lSrM^bfc (Altamiranoib, (ft 
») o 

6 ffl<7)281bp(7)PCR»f>ftSr * n -~ V^fcjSgHfcffl-r 5 d\ &4 VMt^jx & Sr, 
lOmM Tris-HCl (pH8. 3) , 50mM KCK 1. 5mM MgCl 2 *3 it*). l%Tween20«r^^Tt* 
5«««tfc*&1007>f 3*/KZ)DNA, HCV46:J8 J: iMtf 308:75^ (0.1/zM 
, 100MM<D^:4fi(DdNTP), SSitW. 5*ffc<Z)Taq DNA^y p« 5— ^Sr^tf50/z 
l^PCRSrttffl-r5ai*P<0*SfflXSlJ:#bfc« PCRtt, 9&C-?45&, 55^45^*5 
itJWfc-Cl #(025-9-4 ^/USrtfftofc. 2/zlOS©DNAf^Sfc(iff 
ifti^ttfcPCRS^cov^jx^Srttfflbr, Kit***):/* h3-;W^V^p 
T7Blue T-^* — (Novagen) ~V^bfc 0 ^PCRS$?2rpT7Blue T- 
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(Promega) &J&Ri|E&Lfc 0 jf A^^rWI-SpHBlue T— 
^n-VSr, 40/ig/ml X-GaL ^yg/ml IPTGfc £Tf50n 



g/mlTVtf->]) >Sr-^W-t-5LB7*W— h±-e6fi©3n=-©#£i;:J; 

fc, ^PCRlT^/MCO^T^©:^:^— 50*tg/ml#/W<:^>!J V£ 

^*rt* 2«i©LB**«f -e-iMi?(**fc. enT©r^*y s^7Vs/7Vn h 

a-zV-fc^T, ^7^5 KDNAfcHWUt. 1. 6nl©— BWfll**>fe©lBJl!l 
£\ 5*n*Wi*T»©2£M©3ii>5Mt (14K rpm) fc*!}**, iftSr^HI 
U lO/i g/ml RNT— i?A (Pharmacia) 50 /t 1 TER«$£HljfolB&'<U' V 

hfcWBSLfc. 0.2NNaOH, 1 %SDSSr^-f 5100/t lW^JKSrJDx., *BflS£r2 
»W*»Ufc. *5^-t?-h«rl00/tl©1.32llBH»*9!>A ( P H4.8) fc&toMC 
»£-U ^-g-fe^5^oS«1 J -e4^MS^8t (14K rpm) U SffilSxT* 
ytrfrtr^Vy r£&*Lfc„ T"?*? KDNAS\ 200/t 1©^^ y-/WT_h« 
4»bitR**, 5 ^ o5S-MB4«-C©iti£f»lt (14K rpm) K J: hflsbfc 
. ^DNA^Uy h£l5;$TMBf£U oV»-?50pl©TEg«f£ (lOmM Tris-HCl, p 
H7.8, ImM EDTA) i£Mgfl?L.fc„ 
b) fttt«>in vitrote^ffl©7r-^T77*o i E~^-*#JDi-'5fc«>©HCV^n 

— ^©stitg 

7 r-V-fv HEW £ HCVj?A»f)t £ ?7 * 5 K©*^ > r 
£\ PCRS:fflv>TWlii|B-rS»J:-t^J;9fSifiU-#e>tLfc. rttfeOflWt-Cttv T 
77"n^~ *-E?IJ : 5' -TAATACGACTCACTATAGGG-3' (gE^J#-^55 ; fTTfu*— 
9--?y>(-v—\ ) (Novagen) {d/^^y #4 X-fZ>77<{ -r— fc, 3'*ffiHCV 
#*W7°7-r-^-HCV308 (BE?"J#-5§-54) £<HUBLT, HCVAlcS©^ n-^Sr 

tCT7*3iO5HCV3087'7^^-Srffiffl1-5200/[il©PCR(C*}V>-C, 1 m1©7°7^$ 
KDNA ($)10~100ng) SrStetgL-fc, ^e^fcT^:/!) = 354bpftT'fc 
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NH 4 0Ac©ft^-SS5:2Mt U 1 <&&*<E>100%>< y^n/V -vl'&JDx.S £ t (C 



-CttMkUftu *ttfc1Mt** **UT~ ^Sr-^*^vn00*tlW|IS7K (Promega 
) lC**Lfc. 

3»tgOSiIIE7>'7'!J aJ'SrttflIU RiboMAX™Large Scale RNA Production Syst 
em (Promega) *«Jft3!t*©«*K:ttV^(tffl1-*in vitro^Ci flfrfcofc. 
^e^SJE&5r3.75^fM-r Vdr=L-<- h U oi^-CRiboMAX™* y h«>fM3ftK{£ 
V>5~6 jil<DRQl RNT— tf^NfWDNT—- tf (lWjil) 4r*D X. 5 d t \C J; 5 
D N A®m%$LM £ 7 x / —A'/* na*MAy7 5 A-T/W 
-A (50 : 48 : 2) T?2SttWU 5 * Bjt'tfl^Ufc. O^T* 

% 10**1CD3M NH 4 0Ac (pH5. 2) fe^miO// lCD100%-f Vfxu*./— SU$;)Mz.Z> Z. 

80%K*/-A<"?l|Slft»U »ET-e««Lfc. 

RNAte?I% (HCV1. »BE?iJ5rE?iJ#^56(c|2«-f-5o 
c) v^-^-^BBISr yfe-T{c*5Jt5HCVl. Hm-WtOto&M 
HCV!|#SW7°n -T'tf- JJ $ K [5' -CCGGTCX3TCCTGGCAATXCC-3' (BB^U 

#•^57) ;Xf2, *^S14(abasic) !) V*— JiO^Aoj-Hr-f ^fci!f<A#&£* 

— * \sisrf- K [5' -GTTTATCCAAGAAAGGACCCGGTC-3' (BB?lJ##58) ] 

t SMfcffl-rs-r y-<-^-m^MST y-fe'f fc*3^T, HCVl. l|i¥S*<o&ttl£ 

^tV-?tvl0*tlOKJCSffi^t4, 50mM KC1, 4mM MnCl 2 . 3-*0.05%<A 



Tween-20 fc<£ 7j Nonidet-P40 & <b tfC: 7. 8 #ft(D RNasin® l> #7 * V 7— if M 
(Promega) Sr^1-5l0mM MOPS (pH7. 5) (DWtWH^. 5 fa^OT' 
n-^y^^U^K (E^iJS-f-57) *5iO!l0f=i^UC»^^-y-^- 
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Un^U^K (ge?'J#-*§ 58) ffijg L&HSlftlfi, Cleavase® 

A/G (10/il<DS:jcSSfct)5.3ngt?ffiffl) SfcteDNAPTth (10m l©£J&Sfc 9 5 # 



©h#d n Amm&tmic * 5 1 < , © r n Aii<i**«j« i>©-e 

fcSi tSr*-f-fc*ir N ft||£jRNA£rlO/ig©RNT — If A (Sigma) T*37tT*30^ 
PflBufeaUfcc RNT-lfT'^ab/cHCV RNA7!)=-H1 flf$liSr^"f 5 d t 
ft<i£SM&BUi:. 

WRNA«itfc„ &&fc%46°CKtoW.U j£MSftiNfciMnCl 2 1 ©jg^Sr 
JDx.5r tJCtUSlS^M^UfCo 46^^30^^ V^a^-M^fc^, 8 #» 1 
©95%*/W>,7 5 K> lOmM EDTA*5it^0.02%^f L /W^3M^s/ h (^f/w^/f 
tUyhD-^y^gtiS) ^x.5Clt(Cj:9, KSiSSr#±Ufc 0 45mM T 
ris-#?H (pH8.3) , 1. 4mM EDTA©$«i£f fc7MgUff&"&W-t-515%£ttJK!) 

r^^^r^y^ (i9: issffi) KmtmHW.m^i*>, n-v^t^tifc 

o «*(*«)^> FMBI0-10<K if- (Hitachi) <HWB Lt\ 

H52iC*5^T, y l~4T?#tf Lfc1fv:7>fil f=*/w©RNA^WSr 
U— V 5 ~ 8 ICfWSJSttlOO? ^^©RNA^ftSr^U 
y 9 ~!2tC^1-S^«l07 -< 3 ^-/W© R N A^WSr-^W LT I/ ^fc„ I"— 



Xi-t^T, Cleavase® A/G M£ LTfr& ^ U ffiitl'-Xi 
•f-^T, DNAPTth^fflLTtT^ofcSJESSr^-fo 2, 5, 6, 9*3 

itflO-e^WLfcSJStt, RNT— 1?Arflfr}Hf[;£;ftT^fcRNA&^LTV\fc 
„ rftk©x-*ri>b^£:tx3i:*3*K «A«)PBSRiS«RNAS6<]Sr^Wlr 

^L-ft^rt^ej, ^!5©^-^rt©#SWBBSMtett, KARNA©#ffilc 
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mmmi 

4 ^-^-#^W8KJ£fc:fctt3«ttRN A©»fc 



o SfflEWlUfe«!llD-C^Ufct*i»», RNA£DNA3-D =0* * W Kt^-f^ 
D^X^tSi, ^<ORNA5rMS-r5fc«)(c:, DNA#!J * 9— t 

fc*ft-CV$»£-tt, ^(Di5^M^ 3 «l*J$tl?>ri:^fe5 [Lyamichevb (1 
993) Science 260:778*5 i^HWffJSS, 422, 253-S§- (*rixkroBl^£##i: L 

x*wmmicm.?Jtizzb t-rs) ] . i»iL-c7^-wy 

*»RNA&{fcJBL-CfT*3, *»«20fcE«*ix-CV^©i:iai«oSftSrfflv^ 

KJSF*3<£> 2 %<DUTPWftfc> 9 lC7^U-fe^^-12-UTP (Boehringer Mannheim 
„ O^-CRiboMAX™*-;/ hOfftW#i^V^5~6 /x 1<DRQ1 RNT— tf^lTDNT- 

* UWiL/»l) SrJU^.5rttJ;!)DNA»§iSrffi«Ufc. tittWIiflS 
U 10/il©3M NaOAc (pH5. 2) *5 itfllO/i l<O100%-f VfnAj — ;V%Mx.Z> 

^fBfciO^ft, 80%a;^y-/Pt?l|Hli5fe#U WET-CftjftLfco #f>4xfc 
RNA£, 1/7- if?r-g-**V>100Mlf3*t-^t, 45mM Tris-* (pH 
8.3) , 1.4mM EDTA<OWWft«t»K7MR**^#tS8%a5tt>Kyr^!>/ur5 K 
^ (19: lSgffi) £iI1-©fo,i*S)fc:±*K ^l)->-:/^©50%£ffi!3Lfc o ^ 

:B<^«£^#1-£^;*7^;*£S0<3 WU 200/ilOlOmM Tris-Cl (pH8. 0) 
, O.lmM EDTA jo <£ I/O. 3M NaOActft^^ ?^ 4<C-?— !fcg-f- t t-<£ t> RN 
ASriSWLfc. oV^-C2.5^fi©100%3i^y-/wSriDx.5r irtritj, RNA£ 
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8S0O 20 {Iia«CD Cleavase® A/G iJ «k OF DNAPTth >^-^-HJt&*i^jgtSlS 
Lrm*tSrt^$tvfCo W?^7!)vra, SJ6rto**«>«RSEK£ 
o 'S-Kifcl^ 150mM LiCl, 4mM MnCl 2 , £*0. 05%©Tween-20*5,fctf 



Nonidet-P40 & 39 RNAsin® (Promega) £ lOraM MOPS 

(pH7.5) ©^Wj&'PI^ 500:7w=i^K7?g#jRNA, 5 f a*/K»7;^l/t 



rf/TJ^fc. d ft Hi 5(TCi::MU 53ng 60 Cleavase® A/G * 

4 m lW95%*yWAT 5 h\ lOmM EDTA*5 J; V0. 02% ^ ^/W W ^" W s/ h 



fc£*-r*g£Jfcofc. ^n/cT'J^-hC l ?1§<D Chill Out®i£fgffiih£iJ£ 

^^•SrtfCit), m&OSlSSrffJhLfc. 45mM Tris-*^ (pH8. 3) , 1 
.4mM EDTA©g»&4>iC7Mici!t£^+5£#20%^4jKy 7* !)/KT$ K^/A- 

(i9: i mm) \cm-fmn.8m\c£i9, ztibe>R&<om.to&&mLit. 

Wk. FMBIO-KXK ^ — PTI'J'fV— (Hitachi) Sr^ffl LX\ g?i £ ftfcSJfc 
tfg]53B (30#©£/£) 
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j^<b©l«££U L/->2ti, Cleavase® A/G fr&o 



4fc(*7007^ 3^e/u*SDNAPTth-ClBS$tv5r t*5We>^i:^ofc, 30#© 

O + aA-j/a^tCfi, Cleavase® A/G lia£7D-:/#^© 32% *MM 
U DNAPTthte^:/n-:/#^<m0%&9BgLTWc (053Ajo iU553BiC^1-B 
ffctt, R N A#A¥ri> P> (D'>*tfV< v 9 77*7^ h'Zm-f i. 5 (Cp© § tlfcjg £ t» 

f£i£0iJ22 

#jwa*w»»©#iSESr*tij"r**ai: y^-7-^m^ryt^ 

H14Sr^LTI/^5©{Cjp^.T, rOTy-fe^lCiSV^TRNA^^ffflJffi^tt? 
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WML (-Ttet>h. 6S*lJ#-§"56) T*fcofc„ ^l^Hr^f V-12-UTP2ST7 R 



It, 150mM LiCl, 4mM MnCl 2 , #*0. 05%OTween-203o«fcU t Nonidet-P40&e> 



fffc 39 JjifetDRNAsin® (Promega) lOmM MOPS (pH7. 5) 

0-r>-<-^-^-y uOrf-Y (E£l**58) Sr£A/T*V>fc. SttRNA© 



C*if>0|££fc-tt£U Chill Out®iS%B&±ftj£SJlU 50°C(rMUfe. 

53ng(7> Cleavase® A/G *&fcfc5Ji«y * ^--tfiji-ft© DNAPTth ©V^T JP*. 

r»»KJ6«*SrlO/ili-rsri:Ki5, KJSSrM&Lfc, SO'CT-SO^, 8 
MlW95%sJvPAT$ K, lOmM EDTA*5iW). 02%^ f;W^*Wy h^JP^Si 

#$?LT, Rfc-frHM (18m 1) fcLfc. ^f">'7 , /^90 < C(Cl : ^rfl^U, 4 
5mM Tris-* 7$ (pH8.3) , 1. 4mM Wlk<Dl®ffim*\ZTWM%^^%2WAW& 

yywr? (19 : 1%R) Kair«^»»KJ:9, ritfeoS-Rlfc 
CD2.5m1£#1£U FMBIO-MXW* — S?7-*-5-f 1f- (Hitachi) ^fflLT> 

o 

HfV^<ft"e*>5 0 r.ii,e><&RNA«\ (E*SJES^*5V^T, ^-12-UTP 
ttSS/^/W*. U-^l O^n— ^©S*Sia©iiei/7(0. 15X) httZXtfT! 
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~12-C»trUfcSJC&!4, PCH^S#J*£l&i£U ya-T'oMSfiDNAPTth 

«-w-^"ettBJSn*:**SrttSR1-5^il!:J:9. i;Jxe>©30#Pfl©a&-C£ 

APTthSrffiffl-t-S^-tctt, r*i&©&#T^©Mfe©#»#^Jt;0n-f5#> 
#&r3&lft©*£©ftB§ttttfcfcftT^3 0 ^©rtti, ^^/^©^ftR 

-fy/y hLfcRNA©»3t!S«i:Hiae»©St*aiflEt©ifc«E*»fe, 
-^HfrfrRHKTy-fe-fas, «»©**jB*.«3/^A'Sr^*Lr, HS^tbfc 

«ffi©£i|£{;i ± -5 D N A ©&ttt 
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^if*bfcf«n•^^:J;^Jl1(r*»«l«©««^cov^Ttt, mzxfcxm&ztix^ 



^ici^ti^ii^*, wmW(D%^mmmm^ r^yytr^ (nipping 

) J ^*5ii:ms„ «#corcDSteS-<t'9. ^W^WMS»*#)«r, # 
m^<nm*m%Rl^ti:^M&ik&m (focused detection) ZftKotc?)^ 
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&G-r 5 w&msto kzmi-fzz.tichzm&X'hZo 

a) DN A* y ^ * W^-^ h*<Dm:#MW.V0(O%fmt:fe 

(TET) gfefc;*- !) =rjsc * K78 (BE?iJ#^59) *> J; tf79 

(Mfm^GO) (-tJxmiOOf^^e/W) 50 m KDVkU NaC0 3 (pH10.6) , 50 
mM NaClf, 90 < C"C4^rlBIW^*a^<- h bfc. f" V://w3£fg£BSlt1-5;fc 



50 a 1 £> Chill Qut®l4 WLfoV y 97. (MJ Research) £ 

ya-HAft, 25m i ro^f/i'/Mti's' ho-f ^v^ifiti^i., ry 

2.5/tlcOlOOmM MgCl 2 *3iU«l m 1© 1 lfFfri'JlTVl'* y * 

^77^-^ (CIAP) (Promega) Sr*Px> 37 < C"C30^Pfl^ y*^- r. 
iiciijffiiy yg£>ftu ov>T-25Mi^)^ i 9 1 ^'i'^^s' M-f^ ^VWffiW. 

&Mz.iz. ^vi/vff) i M i2%7Ky r* y /vt $ v&i&fMcm-mfs. 
fornix <o &m u mmm2ucfcm<o t&<9 fmbio-t -vr-tyj 1 

85nm7 w -Sr&ffl LTHife-fl: Lfc„ ^ — S?-* * >S:055(c: 

*-T„ 1355JC*3V>T > U— Vl~3»4TET^li*y l^^K78&^TU 

@55fc^i-i*j*), Jnf&feSte, 5'-TEr»«DNA©^r«>!e»»*§l#jBiU 
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i v) m^m&zfi-t z>#i&mi<D* rmm^mft tt4 i: 5 * - 1 lt 

t>6 [Lindahl Jd J: tF Karl strom (1973) Biochem, 12:5151] . 

oiitt. ciAPtf©Ky >IMbK: J: 5 53* 

«t 9 «a-c»» e>*t* *>©<t 9 < **. 



MDNAii©^W3«*77x-M^tl > Cleavase®»* 
^T«bfcSfe©fBS*ft*il*ffi©MI8?rBlieic1-?, 0 

tt 2 « O «r^*+ 6 * 4- ^ 4 T y feKIH- S tt 

, IBI«©i^«a<l*H:A*fcttftt-C*>5 5. *©J:3fctt*«rfOTL"C E*T 

^K^&$ft5*a>£*1-fc*l£, 70, 74, 75*5±TJ 5 76tS^til56~58lC^ 
■t4<@©SVT5y#Efi6^-y ^^u-^KSr-^Lfc (E!56tt, 9 * u 
a}^-K70*sj;tJ«74©H***^) . ifat^Xto&ffi*}) dt%>? \,irf- Ktt, * 
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itttf-SS^Sr^rj-S. 4"fr&*70*s.fctJ«74Hu 3'*fii5iyyKft$nT^5fc 
*fr&l44jH©ATO33J:tf3fi©jE*ffiJ:0&5. {t£fe75#74 tifto 



#ttftl/t^4k*», ft6*75±£tt&tt3fl0AfHtr#*>S. i©fc«\ 

oit&momtonn&tt, im<omz& ct-i^otwri # tot?**. # 

, ««XS«ftflctt (IEF) mzm^X. B*£*vr^5»C©» KDvSfW 

S»70, 74, 75ttJ:CT6«\ WflWS**^*/^?^ HlSWfelcJ:5A*b 
. 14M*&fc7^^?AzK^*22t:T24l$IW, JKftttU OV fcigffi 
tT*^*Lfc„ 8f&$fc|&*Sr, 200<il©;icl£f?!B»U 0. 2»m7j/i'?— -C»jg 
Lfc„ ^ hy?$tt©ft&HU (Spectronic Genesys 2, Milton Roy 

, Rochester, NY) SM£ffl LT\ *4'T'200{g*#;Lfc1f:/:/,rt'©261nmT-©^ 

ft-&*7(«8j;tW4, 75*5j;tW6©K!J v»fctt:. 10 m lw^ffi®!* hy^M 
(^0.5~ 2mM©fSia©«a) 100 ft l©CIAP$«r$: (Promega) *©2ljM£© 
CIAPT?37'CT? 1 mffl&mtS Z t K i 9 fT&ofco OV^IAPSr^FiStt-ffri-a fc 
KRiS*75 , Cfci5£Mj!iqJI&Lfc. W*K-f*fc«>li:, JKy^KfkStifcfl: 
Tdpj k&tt-h. «y vlMbUR:, £R70H70dpfc:ft3 o 
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?mm<Om8t&. TKT-^-rSrtlCilJ, 532nmT*8.5X10 -3 <D*&--&K}fcgt;: 
^SiLfc. *fy^©2 At 15:, IEFICi*), PhastSystemH^ib^e 



(Pharmacia) fciTJfPhastGel IEF 3-9^fr (Pharmacia) £fflV\ S!ii3t#©:/ 
p h3-;K^oT^*fLfc 0 #8£li, «TOK£-C15 , lC"Cff*ofc : W : 2, 
000V, 2. 5mA, 3. 5W, 75Vh ; Ait : 200V, 2. 5mA, 3. 5W, 1. 5Vh ; Htf : 2, 000V, 2 
.5mA, 3.5W, 130Vh. 585nm7 4^9— *ffik.ttm\M / — V'T-fy^ 

if- (Hitachi) Sr^ffiLT, f-VT'/w^ «Tffi{kLfco ^fctlt'C^-^t-^ 
*ir^£rEl59{.r^-f 0 
059«, SR70, 74, 75*5iO?76*Jit5<etvt><DjJi!; V&-fb®fe©IEF#ffi© 

*U r + j (D|B-^-ttjEffi<0^»^^t, r-j CQiE-^(4;ftH©&«£r^:-!h 1 
l^59lC^1-fe*«, £®70, 74, 753oJ:W6l*:E*I{c:fad>oT^»U — 
JK!J ^SKbS^Odp, 74dp, 75dp:frJ;OT6dpfiA«fcfttf»o-t#»Lfc;r <t&^ 
l/TV^S. «£Sftfc&i&#fa©iS^te, »SR<D^«ll3f)fl;ffi (-1) fcitf 
^M^ro^m^r (+D i«F^1-6. Ry:^fcfc£*©»»*©/h£*aato 
fit, £#«pi /JJ^-T Sit^^Lr^s, rori^ jttP^BMkfl:^*n:l> 
3-Ctt*ofc. 0!lx.fi, 76dpjc*5tt5'>h'»'0#4fi, roflaMfefcAttfciai 

dSjlS</^i:^L,Ti/->5. ^&0>T (70dp*5,}:tH4dp) *5±tf*t?m 

L-Cv^ftv^^/u*^*-?-— HR« (e*75dpJ8j:tf76dp) <Dm.&£%tii%'fZ 
r t lc J; 9 , iiUDOEWfir^W&ns r & tag-*-* r. t ^fig-CfcS. 

HJS0924 
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ffiKfig^ (Charge Reversal) IC <fc 5 



^Ufc. ^H^ffi. TIEWC y 3 KSrflJ/l! Lfc : 5*-Cy 
3-T 5 7 T-T 5 / T-CTTTTCACCAGCGAGACGGG-3' (ffi?!l#-^6K ^ ]) ^61 J £ ffc 



a»4rW*i-*fc»fc, T'n-^y =r? * is*? K61 (BE?"J##61) *5J;U<«A 

Glen Research V? (Sterling), ^r-^-TiW (VA)) *>?>A¥ Lfcf* 
*5:fflV>TDNA^^-fe1>--l'1f- (ABI 391) K iotftfMLfc. 

^•Ty-fe-rK^i, M13mpl8" l*^DNA?rl00fnioK 7"n— (gS?iJ#-)§-61 
) fc.fctM^-*'- (ga?iJS^62) ^-y ^^l^^K^^iX^lOpmol, 



*b (CCleavase®A/G^ 20^ffi}§^ b £ 100mM£)KC 1 & 10mM£>M0PS}§$t (pH 
7.4) 10m l£-£A/-CV^c„ W<0±(ca£ffi>SrO^r-C, ^$riSv^c„ IW&50 
55^ 60t, *fcl465 < C0OV^-f^^iaa^LT, 1// l <D40nM MnCl 2 5:Jn 
X.5ritCioTMS?rM^$*fc„ 25^SjC*tTV\ &l>T'20niM EDTAfei 
U!0.02%^^;w^3M^5' hSr-g-W1-595%*/WAT/W7*fc KIOm l 5riP^.-5- 
ilCio-CS^?r*IT$*fCo «H$<OM13mpl8£fflV>-f fcl, 6 

O'C'CtTofco 5 m lCD#S^Srs 45tM<D\-V X-*V§&m. (pH8.3) *3im. 
4mM(DEDTA?r^1-5 8 M<^Sf£;!ra t i K20%^4# y T ? y ^ 

@60Af4, «W»M13mpl8 DNA^f&oTSa^J^ttfc-f' (|E?IJ## 
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6i) iokif-fv-y (mmmm2) ^-rmmmvh<o , Mi3m P i8ga?ij©*©53 



M13mpl8gf#J©T(£S^$;iV &l?£M13nipl8&?iJ©±t;:/fl^T:/n £®#J{C 

06OBfc*$v>-c, vi~6k:Ht, -tft^tt, sot:, 55^, 60 < t*3,ku ! 65 , t 

*tt*JBV\fc#fi\ S^awg^gtt55'C(CT«^$H (I/-V2) , 65TC 

r©ttm*jfeO««©|R#SrmM-5*:»l!:, H#JM13mpl8 DNA£lfmol~ 
1 amol©<6ffl£t±tri0f&r fc i-»igc«)tc#f? Lfc„ -Y ^"<-^-*5 ±t*/n-:/ 
af-y =r* Ktt±fa©fc©-?35> 3 (i-/ii?*>S?iJS-^6i*jj;u«2) „ «A 

ttMS&fSSrTfa© <fc 5 fc«JELT±e©± 5 twffofc : Rjfcttsfffc-efrvv 10 
OmM©KCl©ft:b 9 fc250nM*fctel00nM©KGlu$rfl!V\ -f V^-y-^-y U 
^K»lpmol©*JD^.fc. K£l±-hE©.fc5fcL-CIM&£-li\ 12.5^Wfirofc 
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. *fc> M13inpl8««jDNASraP^.*V^fiMt»l»R*t>fi l ofc. 20mM©EDTA:Jo <fc 



L-CfiJMtStffc. #P>;ft,fcMSUgB**^£|g]61l^-r o 

H61i£:tS^-C, U—^lKttftttWfigdS-g-*^ U-V2~5(C«100mM(DKGl 
uSrffiV>-Cff-3fcSl£'fe* J ^*tl/, ^6~9t^(*250niM<DKGlu^fflV''TfTofc 
raSferi^mSo U—V2tJiW6iwi3V>T^«l$^fcS^(-^ lfmol© 
gftDN AtfS-^StvCfc «J , W->-3 *5 XV 7 ©KJ&&K: ttl00ainol©«|&<)#-£ 
SftT&f), l^-^4&^8©SJ€:ifetttl0ainol©«l6?)!6^**l/-C*5 0, ^ 
5tJj;U:9(DS^t-f41amol<D^^S-g-*^-CV^c» HeilC^ftfcffelrfi. 

©fclHIRJIW i 7 h*/u*fcH3R6. <«x lO^SfiMH-fitTTfc* £ t SrBEWi" 

t Sr^-t t,©T*>5. Cy3©ft^jg:fcJ;tfft*383^*ft*tT£54fc568^ 
FllBI0WHa6BT^9'f-U , -tt532-ca)BL, 585T?&tttf-£ 0 Lfc 
«!ot, ftJIftlHUNirattlUIRJILttJ: 9*«SK:»^Ufcai8a»sJ:trtftffl7-f 
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wars a. ^**a^rifto*d tgitsr 

li, KJS*«(ll)***1-$Rtf«<lO)**&. 2*0»V^» (*fcfi+£?L 
(13A*iJ;tfl3B) <D*fl?fr<D-i&%R&tSWi(.n)WZ 

(id ftcs 9 rtf x h x < , %m*m rtf 5fc*ofe5-o<oiia/i^j£tt, 

, ipf^p n p^tt (0Hx.fi, Fisher Scientific^fcliVWR Scientific) , t.1tft 

SfctfVCttftVVd 5 , «Sll/8-f (S§3mm) KT©!*)^*-?- Slf* 5 , 
&Rl-fZ><D\cmcift'£.l'<. 0Hx.fi, Kimble No. 7381 1-99^ (VWR Scientific) 

ttrtSi. lmm-efo 9 , asiftllro^-cfca. KBw^fFtt, aff. #7*$?-? 



f©-0©«ii, Tygon®3i9! 75 (gp P Q pNo.R3603 ; |*& = 1/16 

-f^;*Mi=l/K^) tNb5. 

E62ir^Lfci5IC, ^tPl3Att, WBi(20) (0Hx.fi, ±B©3SiUBi&#H±* 
fcfiRadio Shack©* 5 ft^* he = **fflft£tto»&lfiJR$;ftTV*$*JfPRr 
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•5. ^tl3B(C|*, hr-y7tf(U)&%m$tlXi$'0, h 7 y 7°# (14) h 7 



y 7*1-3 s„ as* h ? y^tft LTtt,- K^-rs to-ctt«v^#, 

. h777 p tttt, A.oT<*jE«WMIi%»^-*ri:#-C**, IMfr* 

if © ± 5 ft*** fc »*f * r h ? y ^(14) WBv * Mi** r. 

t*S*1--<tT?fo5o Lfc#ot, H62©^fl3Btt, Rlf©T#©*fc«S 
*lfctt&«>*lC h7 y7*f*£tr#* h7 y7'W(14)«^ ( ff(13B)^ir#^-f 
Si rwk:, EffiHsaSSWi, -«ic, *W<i3B)©T»©#*fc 

/h3v*tt$Hc*Srrs©"C. h9y^*f(l4)*H82K»1-J:9f)^ft< Tt>«fc^ 
o 5£IMt<ll)&KttLT, ^S*fclliDrr3fc»©^;&£^*©fc+£ 
fc£tt©4© h 7 y/WMi £ftS 0 13Btf* h 7 y 7*#-C-fS£fc:*S§E3 

tfc-<5i:, ttjH20©^®|C^§tif^t(13A)l4V>^5^ (15 .; H62"C 

(fl&ri, 150n4l©LiCh 4nM©MnCl 2 $r££H0mM©M0PS (pH7. 5) ) . 
*S)SfffJS (0SS.fi, 45mM© hU^-*!7BSJfi (pH8. 3) 1. 4mM©EDTA) , £fc 

Kfflv^ft5[f-©3I#S:, h 7 77^(14) £-£tfH#©±;*7©£M£?E*-t-5 
fcfcfc^ViaBfcjBVvrfcJBvvJ&Sr fcfcMM-"** (l262#Hg) „ 
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36* (13A*5it/13B) (DZtlZtHOmmtt, ««£$(18)*fcl4*:©<i!!©SS 
4imfcJ:9«RC2O)©iiS0ft««fcSSK*Ji5. ft^a&R (GUtfO. 1-0.4 
mm,, Aesar Johnson Matthey, 7 — Kt/U(Ward Hill), ^tfa-ty'y 



btlZ. «ffiH<18)8\ ff£flAfc&*-A<i-SfcK>K:, »*f, &feJ£(hardware 
stores)T»J|f^*HTV^'>y=-^*PM*^©^*tt*3lNW (H*tf"f) f- 

stricting wire) (B**1*) CTH^Lt, &«ffii»©*;b0 MVfOHPA 
SrfflBrt-S W»(16)#y^«)5«^» ttfi*<l8)tt^« s i>3«>*' 

HSK&tttt, BBt*<10)*laMft<£*b, Gfeft«22~23) icffi 

«Lfci 5KiiT?S*6«Jfft>ji*. SlS»«E(li)**>*»S©**U:lRSi-5 
t©T*H:*V^, »*LV^**ttlftnl*jHt?*>9, ± 9 #* L < 140. liql**rc 

i^TU6. «^(20)?rAHSiticJ;oTmS?r3g<f^^Jp-t-5 0 g*iL 

t, nsshsite. iE^fssffr (Hffi^j23{cE«) mmzix*^ 

4)fcJ:onW*fcl3:fltJl:S*i„ *L-CAKWtbfc#ll«^B-^d J fjsJ:tf 



-207- 



t(13B)SrftJffli-5r irJCtoTtf^HSc (13B) tt±Etf> h y y :/** (1 
4)«t£3k *l/CWB*(18)fcSBRS*U &V^*©f«l*<18)ttW*<20)©iai 
Slctt 9 #»t feft-C^So (10) Ht*©*fl5fca«>&*;ltfc**<25) b 

R*tf©*»K:Se>S*VC^.5. ^tf*«HC$e>$ii;fc*«(25)©*B5tt» « 

x (20 rontf Kitttttk a© it ± o xmm £ wb*b (26) t mk u-c v ^ 5. 4 
it, li!63{cla*$^^fcsaeo^Ht>*^BJ^c<t^)4klll$i^Tv^5 0 

(25) ttRlStf (10) ©/J^TLSrtf ffl-t" 5 H fc K «fc 9 (1 1) t Sftfc $ 5 1 © 

«asi(i8)*«ill(i8)ic*iajaJM-4ri:*J-e*, **ucJ: 

o T*m*B (26) StfflM- Sit 
S63t^LfcJ;5^ **(25)tt, l*«±©K£tf!iH|WtSMff(26)±fc:H£ 

^#5i5^ R£tf(io>©jS«l;:S»»*Jvo^*. r©«mSBtts 

ii&JB?g (^xl^SfcJiS^, Aesar Johnson Matthey, 7— Hfc/K 

a— tyyffl) fcffl^sr tKXVs m&&®&mz9l;*>ttVZ<nb\zbAsb'm 

tjjmx-fiii<9$mz>zb&xsz a *<D£oftmmm&te. &&am\z.w&£b 
-eta. 

5;fc*v\ SJfcffcrMi 5 ^ffi3Bas*H(20)©Rffi*s.fcl^fi3 

A IdgSgg $ ixT V > 5 *\ * fctt«*l25^maS (20) ©&ffi £ ftX ^ 5 £ b % 

JU60IJ26 
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*Jg0« 1 -C^Cfci 5 ^®Lfc-fi« (bifurcated duplex) ©^?-f 
f7 h £51 tig^-fr (±IE©Lyamichev?>, *5 J;tf*S#frS&5, 422 

*Srll64(c:^-t- (E64l4Lyamicheve)(C*3lt5@2 C©lfaTJbS) o iftfc© 

. MS9ICL>Sev^fr9. HBKJ&fett* 0.01pmol©?&S^£*ig&ig^TfVD 
NA (*^!8ffiM«Sr*-t-5t©t#^5) , lpmol©:/?^- {IH6(r* 
£ftfc3' T— AtC^B^WC* 9 s BE?!l : 5' -GAATTCGATTTAGGTGACACTATAGAATACA ( 
BB?iJS^64) fcit/O.S^CDDNAPTaq (0.026pmolt*i^$^S) £ 

1®Z.tc, lOmMO ^-Cl (pH8.5) 4 5mM<DMgCl 2 *5 < tU'50iiW©KCl©-g- 

■frSftT*S»K U-V2tC«^*tlTV>5 0 rtLf><DSJC£:^«55 < Ct?10^Pfl-1'^ 
^a^-hUt. KJS*\ *^Rf&fi*-C, MgCl 2 *fcttlW©ir'fefe« s «:ln*. 
SrfcteioTBM&Stffc. -tnfeO-T y hfiSt?, 20mM©ED 

TA*3 it^O. 05%©-=r-;t? — 9Hft&$t!95%*A>J»T 5 K 8 m 1 SrflP*.^ - 1 \Ci. 
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■f ( U — y 3~ 6 ) „ 



2) , :/5<<-v-«>JF#ftT (l^-Vl) -etfi>^5Sl&{C*5V^T«|5§H5«S 
»W©»ft©«*J il« 1 tfc J: 5 IC, T sHr^ |C*SV vttt 2 o©i4 L 



Hiffe0d2 7 

*6\ ±»*P ^^u*^K©^FflPSTK*sv^-C**^o-^©HSB:^n- 
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5«^K««**v5^-fc©i6»C9Bt9 (nibbling) fcl4#l»W"C*>S) . «A 

kottXtifiVtmZtoMS. ±fB©^Tf ^S®±T?ffofcW» (SIJiSW2 5) t 
|§H$©fIfi*fcS*i*«:?To-C, «AttHj»«r±e©*ftAtt^?-f 
J: UAH'S tOi54lty bomk*V ^^i/*f KtH6 

5(-0^-f5o 06 5I^LfcfifJg4r2o-0{d^L, r a j , rbj , r c 

j . axv raj (uai##e5) i^T^-y 

(ffi#l#-S§-6 6) o 1116 4 a~6 4 df£^£;h,fc:/n-;/tf>ga?iJ£\ -tft-^tl, 
eE^l!*-^-4 3, 6 7, 6 8*iJ:lF6 9K:*i-. RT«ttoab4lia!SMft*Mv^C 

0 -e*t. (rne>o^©*n?nfc*it5iE*ftBsaMftH:iia»B*5itf-t 
@W-effitt$tb5t>©r-fc5„ ) 



©S^Srtt«i-2>„ 

^n-^^a«aifl5Hlt^|cBlltt-C*)6B 6 5 a {C^ttfcR^Jtt, H 3 

— tf-Ciaai-Si:, ^n-^O?^ l/tf KJn*$WK«ja»D0tt0 (exonucleoly 
tic nibbling) SflRftfc, ^l^-^-*!) l^^pa^TMt 
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03 3icm&£ivti-b<»tmm<v®G<oMmi/7 l-a^ta. 

06 5 b*JiOt6 5 c \C7jk£tl1tmm\-i, ■7u--7<D5' *iffilc^fl:<0^-g- 



Hffi0iJ2 8 
^tfSCleavase (SftffiflQ Biig 
l«0|«lK#fflftfitt**1-«3«^ l^T— t?*HWM-afc»fc. T1S©J; 5 
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a) Cleavase (S^SS^) BN/ h n Wy?L 9 UT— H 

i) Cleavase (9ftjS8Q BN/ h u VX* UT~ 2<D? n-^y^fc 

eavase (gikiS^) B NX ^ U7— tfOffl^iCT'nxT— tfTfeS h n yifyll 

y ^ K5' -g«;amgtcctc(k;agcc(xgc(xx;acgagcgtgg(xmcccg (ga?u## 

10 0) %m^Z>$imM%(D7v h=*MZl.tz&oX, Transformer 

y h (Clonetech, 77V V (Palo Alto) , # ]} 7*)V^7-W) £ 

A*»*fc. Cleavase (g»jg«l) B N/ h n >- bfVX i> V7~~ t?£ = - K+ 
•5DNAE?lJ£iB?lJ#-)§-l 0 1 Cleavase (£&&£) BN/ h o VtfV 

x ^ u7-f©7 5 /tmnzumm^- 1 o 2 

hDyify«lfl: Cleavase (g&iSSQ BN/foyfy) 

ro^:*PJaSr, $tt0| 2 8 \HfBM Ufc £ 5 KCleavase (Bftffiff) BN/ h n V 
t*V5? ^WT-if SriiPJ^-rSE. colij»Ml«rfflV^Ttfofc. 

ii) Cleavase (S&jffiflO BN/ h n yfy© h n Vfcf 

6. 4mg«S[S{Cleavase (S&ig&) B N/ h n yfy? ^ U7— 0.4UCO 
h n V If WNovagen) «rfl§V ^C^SfcttStfClCT 4 NfMmft L-fc. M{t<05£7 
£•15% SDS#D7^!J /I'T 5 VffMZ. i S m^»»tc <t o T**»«)fclft, * - 
T-y-y!)!)7yh^;V-RtMl/fe. ^l!Cleavase<B»iSS)BN 



1% 

Promega) P— ^ 2 JCWt*m{tCleavase(S®^) B N/ h D 

yifyji^l/7- tf^Stv, l^->-3:fc<i;tM ^a*^^i✓fc♦;✓£;B^,^T23't-e 
*•^l,€^^ 2 RtP.flio.fctM ftmffifc UfcCl eavase (SflM) BN/hDy f y? * 
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UT~£#fr**U * LT U— V 5 £ it* 6 ictt h d v fc* V&fflV^^t-C^ ft 
m 2 BSfflfc <fclM ($Pfl$Kfc LfcCleavase(giKg$) BN/h n y\fy% ? 1/7 
— tfi*£**VtV3. rft£> Cleavase^^^BN/bn^t'V^ 
^ ixT— ^^36. 5* a y/w h ^OS,»5H-fi*W1-5 - i: kWCfc 5 . CI 
eavase(S®jg«l)BN/ hnyfy^^ I/7- tfri* h n ^t'^iot^WI- 
Mg£ft5t^5-i£;^-rk<zre;ii>3„ ho ^tfi/gBSfg^Hu Clea 

vase(^ffi^) BN/h cyify? ? l/7-i?<£>j?A h n > fygBftW&BKlg 

fflfk*SJ:tJ^?Hfl:Cleavase(a»iffiai) BN/ h cyfyj! * UT— ^(C*5»t5 

tpf*S^7 tf^wMgllcffl Wc„ ©*©»^it5*iHftCleava 
se(S»ffitS) BN/hny fc* ^l^THflr, 5 u M<D$~ 3=t?.? u*=f- KS- 
60^7 (ga?lJ#^-4 0, H3 0#J$) tttiC. 10mM<DM0PS (pH7.5) , 0.0 
5%Tween-20, 0. 05%NP-40*5,t Xf 1 mM©MnCl 2 " : l : '-e60 < CI^T 5 #ffi-f 3.^<— 

II 7 3 Kfc^T, ^lfctta*Sr-&*/£V^IH*S'&*iv V2fcH:0. 
01ng©Cleavase(»»ffi«l) BN^^ VT~ V&R^XmZ.ZltltRl&mtfo&'St. 
ft. W->3. 4*3it/5^itmm0.01ng, 0. 04ng*J it* 4 ngO^tgfcClca 
vase(Sftj&i«0 BN/ h Ot'y? * UT-tf *fflV*TS££*;fc£«&S*#£ 
*ft. ^LTU->6, 7*5iOf8(Ctt^:Jxmo.01ng, 0. 04ng*5,fctf4ngtf> h 
n y t'V^iCCleavase B N/ h n > fy* * 1/7 — t? Srffl V $ 



fcfi£*»#£*ft5. B7 3fc**ftfc8*fcJ:o-C\ hn^tfvM&ftffi© 
ffAKi 9 |BSStt^iK)200f& (Cleavase(S®ffig) B ^ l/7-^Offiil:» 

SEWSftfc. 
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M13 1##(DNA£, Cleavase(»»ja«)BN>c^^T— ftfetFKMft 
feiO*^kCleavase(WRffi») BN/ h nybV?^ UT-i? fc £SIB§<7>X 
BtLtfflV*. 70ngOl*«M13 DNA (New England Biolabs, fcV^y— (B 
everlyh vffa-ty!/ffl) £r x 8 ng<£>Cleavase(g^iS^) B 9 
if, *?BftCleavase(S»ffi«)BN/hnytry5C^UT-^ *fcttiMfcClea 
vasetaftffi^BN/hn^tr^^ UT— ^Sr^tflOmMCOMOPS (pH7. 5) , 0.0 
5%Tween-20, 0. 05%NP-40. 1 mM<DMgCl 2 *fcf4 1 mMtf)MnCl 2 *T\ SOt^CTlO^ 

VvCO. 5m g/nlOjWfcn^* A (EtBr) *r$tf»ttT5fefe LTDNA/^ KSrffi 
Lfc c EtBr-ffefey/KOlfttttflSrH 7 4 fc^. 

cavasc(S»^) BN?^ l/7-f*it;i mM(DMgCl 2 ^fflVNTe^$^:fcSiS 
£»a*£**L, V-^ 3 K«Cleavase-(»»ffi«) B N* ^ V7-€*3 £ 1 mM 
<OMnCl 2 S:fflV^-CMfe$*fcRJ4s:a«l^*tt, U—^4 fctt*JBflXleavase(S 
ftj&K) BN/h niseis* $ UT— i?*5 itfl mM<OMgCl 2 SrfflV^rS^***l 
EfSBfttf^&ft, l^-V 5 Jctt**^teleavase (S»i«S0 BN/ h n ^fcf^* 

b n V tT yffifl£leavase(Sttn») BN/ h n VfcT ^ 9 UT—tfiJS <fctf 1 
nM<^MgCl 2 SrffiV^S^$^fcSJE&S^^4^ * l/t ^ 7 KHt b n >\f 
^ftCleavase(»»ffi«) BN/hn ^tfV* * W~ tf*5<£ 1 mM^MnC12§r 
m^Xm££^tcRl&mm^*tlZ>o B7 4fc^£ftfci|£*fc:J:oT* Cleava 
se(g«igjg) B N/ b a V \f>% 9 VT-M tt, Cleavase(»»ffi«) BN^^U 



r. bifiVg Zb^lZbifimMZtlMSo Cleavase(S«Sf«) bn/ 
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^t'oev^^oiBS^Brtgjc^s. HS«ig«> frfrzu&K, moffivm* 

b ) Cleavase (3£«j&i0 DNX^7-f 

i ) Cleavase (igfil)DN^^ IxT— ^«^43<tU^IS 
Cleavase D N;* ^ iftV^ 5, Taq DNA# y y-^^fi^ 

(polymerization deficient) bfc c Cleavase (g^fS^) D N 

SS^^tl/O^ (D785N) 0 

Cleavase (gftfgfil) DNX ^ I/7~-1?£:3- K~f £DN A*, Cleavase(3£« 
iSttOA/G (mutTaq, fUfe#l2) 5:3- h^^MB^b, 2y^^Y<OU^L 

mmmmmtmnmcxmm^tc* cieavase(^ra«)A/G»e^ (ga 

?IJ#-^2 1) ^1397ffiOGt2264te^G^^^ixA^g^LT^^DNAPTaq 
»e^SrS^5ai-^o m^gMft<D^2yVl/Yt\.X, »^MDNAPTaq»e 
J F* ; Sr> 2356&CDG& AKg#H-£ - £ Id £oTCleavase(gSSM) DNlfi^C 

Cleavase (S«Mgfil) A/G^^l/T- t? £r - F-f £ D N A pTTQ18:/7 * 



^ K (HJS#i2) ^?5pTrc99A (Pharmacia) ^7^^ KlC 2 Xgl^TS^ n— 
^t/Co *1\ P Trc99A"<^-£r> pTrc99AfflH1^270tt^G5r^*-r5 ^ t C 
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, pTrc99A7 P 7*^ KDNA^NcolT*MSU, (recessive) 3' *ffi£E. col i 

XV *7-H 1<D? US VWrft&Rl^X 4 OCD d NT P£Ttf)#&TT*37 < fcf;:T 

V^r4 00dNTP^TO#^ET"C37 < C^T155>Ffl^$V^fc^ ftV^, ^ U/ r> 
^^es^^lO^Ffl^V'^^^h'rS^t^i^^SSiirfCo 7^7^; KDN 
A^^y-^ifclg^T, y^y-i/3^{Cj;i9SS^LT, E.coli JM109ffl 

81 LT, pTrc99Al&0O27O&<OG<^^ 

%2<DXUt LT, Cleavase(S®^)A/G^^I/T-if*3-K-raDN 
A&, pTTQ18^7^^ K^^EcoRI*3<tt^SalI^V^® 9 W Cleavase(S® 

mm a/gx? ur-ifae^^w-r^DNA^^, i %T#p-*y/w± 

-e#$£LT, Geneclean II*>;/ h (BiolOl, ^ (Vista), # y ^^y^T 
ffl) SrJB^TlWiLfc. «$Sief>i-5r, EcoRI*J:t«alI«rfflV^THa!*ixfcpTrc9 

E.coli JM109^fla(Promega)^Ste^b^ o ^yX^ KDN A£r v^;?>=x n 
~-7^#lf[tLT, Cleavase(^®»A/G^^UT-ifae^cOifA^> Ec 
oRIio i Sail & Jfl V * 5 *fl »B*»«f I- ± o T*lg bfco 

P Trc99A-<^ $—\Z.>; P -n^^$tt^cCleavase(S^ffiM) A/G^^I/T- 
■ftte^Sr^Tra^^S KDNA pTrcAGSr, QIAGEN:/5*5 KMaxi^y h (QIAG 
EN, ^yyy-*(Chatsworthh *!)7*^7W) Srffl^T«3fi«#©^o 
b^/HCLfc^oT200ml60JM109-^*^^^fflKLfc 0 pTrcAG^y^^ KD 
NA£, 20(D»»^7 P 7^'7-, E465 1 0 3) (Integrate 

d DNA Technologies, T-f ^W) *5±t«l754Q (E5a## 1 0 4) (Integrate 
d DNA Technologies) , ft bWcmSi^y 4 ^-Trans Oligo AlwNI/Spel (Clon 
tech, /<vT;Uh, ^D7t^T'Ji #*n^#6488-l) £fflV^Transfor 

mer (Kg*) f^#J*tt£««JIR**y h^n ha/i, (Clontech) fcbfctf* 
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oT§fc««*R***-C\ IlltB (restored) If feSDNAPTaqa^ (pTrcWT) 

P Trc99A-<^ \C? n — ^^^^tl^^iSDNAPTaqit^^W't^pTrcWT^ 
5*^KDNA£, QIAGEN>^9^5 KMaxi^jx h (QIAGEN^ f-tyVV— * s # 
y7t/^7ffl) fcJB^TjBMW©^* h=J/HCUfc^o"C200ml(OJH!109-8fe 
««**>e>»«Lfc. ft^-C, pTrcWTS:, &fc«ftR*:/5>r^-D785N (BE^U 
#-©-1 0 5) (Integrated DNA Technologies) ^^UmH^y^^— Switch Oli 
go SpcI/AlwNI (Clontech, n ;/# 6373-1) £rffl^T Trans former (fS^fe) 
a^»ll»«»aEft«»*y h^n ha/W (Clontech) KLfctfoT&fcSJM*. 
IS * iirT , Cleavase (g^iSS) DN*^l/7-i?£:3-K-t5DNA£ ^ 5 
KSrfEKUfc. Cleavase <g»jg^)DN;*^ l/7Hf*a- K^SDN 
Aga?IJSrgB^J##l 0 6fca*U Cleavase(S»Sf«)DN^^UT—tf^>T5/' 

Cleavase (Sftftft) DN** UT-M<D±Vtm^ 2 9 i£|E«Lfc £ 

5 KlCleavase (SAM) D 9 UT~V 5ri§»^S1"^E. coliUM&SrJB^Tfr 

c) Cleavase(a»SS«)DA^^ tf43J:W:ieavase(Sftffi«)D ^ 

1,7— i? 

Cleavase (Ig»DA^^ U7-1? S3 il«:ieavase(S»ffi«) D Vp? * \>T 
~Htfa~rZ>, 2O(0Taq DNA# U 7« 7— tf©a^^^**#Sr*» Lfc. C 
leavase(»»ffi«)DA>c^UT-*l;:H:, 610ffiK, iF£S7*>*53 s i'»S£ 
(Oftto^fcT^^vaS^ittT^a (D785A) o Cleavase (B«iS«)DV 

d*&*;h/C^S (D610V) o 

i) Cleavase(Sftffi«()DA5C^ UT— ^*5itJ«leavase(S»I»B)D V5< 
^7-i?0«lkfc<ktf$8gi 

Cleavase (S»ffi«) DA*5 J: tfDV^ * UT-f — K~f ^— 
i~5fc«>fc, P TrcAGrt^*JxSCleavase(aftffi«)A/G5«^ 
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Sr, 2m%&%mffi&77'(^-, R754Q (&?ij#^10 4) *5j;Uq)610AV ( 
SB?|J## 1 2 8 ) \ ft bU^at^/y^— Trans Oligo AIwNI/Spel (Clontech 
. ^#6488-1) 5rfflV^TTransformer(S^)Sl5ft#SW^^^* 

S'hT'nhn/l' (Clontech) »£ tfc^oT5§^M^$*T, Cleavase(g& 
®DA?^ 1/7- t?£fcHCleavase(S*iffl»DV5C* UT— t?*T=«— 
5DNA£^#1"5:/7*$ K&ffrglLfc. D610AV:fry ^J*.? K«r, 
y =r*? K©5*5ldBd»biO#a«)itBK:^!J >A*fcttG*^r*-* J: 5 K 

#fi-t«*««*©a, DA*fcttDVfcDNA^ftj£fcJ:oT*j£Ufc. CI 
eavase(a«i»RODA** W7- ^Sr=»— K-T5DNAE?iJi£riE?lJ#-S§- 1 291: 
Cleavase(S»ffi«) DA? ? W7-f©7 $ / 1NB3I SrlB?iJ## 1 3 0 \Z 
Tfito Cleavase(^ffi^)DV?^ WT— tffca- K-fSDNAia^JSrE^JS-i- 
1 3 lt*U Cleavase(«#iS«)DV:** WT-*©T 5 /■HSW*E5HI# 
1 3 2 fcjjc*-. 

Cleavase(S»ffi«)DA?^ 1/7- €tCleavase(S»ffi^)DV?^ W7- tf 
<D**»18S£, &MQt2 9\CKMl,1tt5K. % Cleavase(«Mffll)DA**U'T 
— t?£ fcttCleavase(S*ffiflQ D * U7— «*iMI*ai-*E. coliflUS&Ai 

d)Cleavase(S^^)Tth DN;*? 1/T— t? 

i)Cleavase(aftiffiaOTth DN* i> V7~tf 
/^7D7ifflfMX • tf— *7>f AO^CThernius thermophilus) (Th)d^O 

f / ADNAIi, HJfiW29afcE«feSttr^>5«J;5t, ATCC(ATCC #27634) 1 
/V7/KD$£j|ft7VW>.;* • -9— /^(Thermus theraophilusJtfccDHB-S/^lb 
PMLfc. DNA>Ky*5~tf»e*«\ 3«t«29bK|B«lSH-CV^5J; PCR 

^O^WTO7 0 7'f^- : Hffi«29alcE®^tbTV^5'-CA 
CGAATTCCGAGGCGATGCTTCCGCTC-3' (gB^!l#-^l 66)^.^5' -TCGACGTCGACTAACCCTTGGCG 
GAAAGCC-3' (ffi?B##167) Lfc, 
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'&<btltzPCRW.®Z, EcoR IfttfSalI«ISS*U'T— if-CJflteU HJS0tJ27b 
fcB*S*vtv^3J:$lc, aBErRJ&fcJ: 9EcoR I /Sal lmik^y* 5 K"«**- 
pTrc99g(Hlg0!l27b(C|5«)»v:ifAbT, 79*$. K pTrcTth-l&o< ofc. £ 

* o fc. riDslOH:, StT©* !J 9 Vitf- K : 5' -GCATCGCCTCGGAATTCATGGTC 
-3* (ia?lJ#^168) SrttJB U-Cltl6«l27bfce«*nTV^*J: 5 IE, pTrcTth-l<E>£ 
«HCJWMKK:J:9ifiEU 7*7*5: KpTrcTth-2 £o< ofc„ TthDN«^fett, 7 

y £ ujj-f- K, 5' -CAGGAGGAGCTCGTTGTGGACCTGGA-3' (gB?*J#*§-169) (E £ 5p 
TrcTth-2©£&££Si38«, 5 KpTrcTth-DNSr^fcPj Ufc„ ©*£*#£> 

tf^cast^WT— tf. Cleavase(Sftffia0TthDN&, %ttff|29lc 

Hife082 9 

BfSttFEN-la: V * UT-M<D? n-=.V^*5j; t«a 
3«W©^MA*OBllMtFEN-l^W<^ll*3-KrSBW*E.colilC 
^n-^y^tT, fflMSaSlirfc. *Hlfe«»llE«, a) ^/3';*7.J?+ 

(Mctanococcus jannaschii) ijfeOFEN-l^> K5t£ UT~£©^ n— 
>yt3&lf$&% n b) bTnay*7 • 7 y (Pyrococcus furiosus) £&©F 

EN-l^HJ^l'T— i£©*n— =^j8j;U9Ba, c) fnay^x - 
-f (Pyrococcus woesei)fi3fc©FEN-l:x>- K* * UT~£©* n-jny 
91, d) IMftAiMRttFEN-l^^^KO^WH, ftbtffile) FEN-l^V 

a) ^/ay^ • ^Ar^*^S*WFEN-lJ:yK^^ur— ^©^n- 
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£M. v*-Y^*3Mlli (DSMZ, Duetsche Sammlung von Mikroorganismen und Zel 
lkulturen, Braunschweig, IMS' #2661) (^lo^MT^^ DNA XTRA 
h (Gull Laboratories, y/VFM^f^ ^*'JN) Sr/HV^Tgiit^ 
^nh3;H:U#oTBIiLfto ft<*DNA^l/y h'iTE (lOmMMJ^ 
HCK pH8.0, ImM EDTA) 100/x 1 *Kf?S$SLfco DNA»1W^p9 y h 
A'SHEfflLT, Advantage c DNA P C R * y MClonetech) SrflJ 

3PCR<HTofc 0 r©PCRtt»3i«#0«SltlJ:bfc*oTfTofc 0 5'-*« 
(EW#*10 8) Ncoi«R*^*f^i-4fcftoi«^B!fe*' 

Wt-^Mja FEN-1*— TV V -*f 4 U-J*<D5' {M. *J 

*-*-**>f (Mja) FEN-l*3-^5»^**^5NL^^*^yy A 
OBrtftt* Sf£#-^#U67585tLTGenBank^6A^"ri6TS)5} 0 3' 
7>f^ (ga^J#^10 9) SalI*JIS»^firSr^iSii-5fc»0 2^S««i 

■ett, 5' -GGGATACCATGGGAGTGCAGTTTGG-3 , (^O##i0 8) jo X TJfo' -GGTAAATT 
TTTCTOTraACATCCCAC-S' (S2^J#-^ 10 9) Tf&5 0 PCRRjSfc,fc!K g£$J 
l*B^<-^©*-©^(^^K*ii(B ^tbfCo Mja FEN- l^i 

yK5^ UT— tfia-Ki-S^-^y-^-f^^U-A (ORF) Srffi^lJ 
#^1 1 OKtfU r©ORFK:J:o"C3-K*ti5T5yBMBJIISrEM#*l 

1 1 M^-r 0 

Sr^Vl^&fflflttJLT, Geneclean h (BiolOU tfy?*^ 

FEN-1 PCRa*SrNcoI*5±t«alI"C?B{l:Lfco iWfclk DNA Geneclean II 
*y bfcfflV^Tj^JI#<D»»Kbfc*oT«BBb^ pTrc99a"<**- (Pharm 
acia. tr^*y^»>3:^(Piscataway), -^W-jtl)ln^ JHffcP 
CRl«ji07>f^>3 ^(Dipflifc LT, NcoI*5±t5SalI-C?Hftbfco $HbpT 
rc99a^ lOOngfeilWBflSMja FEN-1 P C RS^SOngSrJl^ LXy^f >f*- 
Va^U pTrc99-MJFENl?r^lS}UfCo pTrc99-MJFENI£ffl^T, ^yt°fyhE. 
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c 



oli JM109»(Promega)Sr^¥a*(- «fc 9 JBMEIfcLfc. 

f-£DNA£, P. 7})$-9-X (Pfu) FEN-l^y * ^ — K-f£D N 

-5yKW) OFrank Robb. tS±^^A¥) P C Riffle «£oT#fc 0 P 

fu FEN-l^y K^^ UT— if(D-§B^r3-Ki-5DNAgS?iJ^ §f£#-^AA113 
505*5 itfW36094i LTGenBankJ^kA^f 5 ^ t ^Trf £o itflg^ftfcPfu FEN- 
l»e^£pTrc99a38g^<^ # — (Pharmacia) (iljf ALT, p^trcT^^— ^~<£> 
te^MIST^Pfu FEN-iae^^rffittbfCo P C Rifi|lteTlE<0 X 0 Id Ltffo 
fc 0 SJ&$U00/i lfctt, 50mMMJ^HCl (pH9.0) % 20mM(NH 4 ) 2 S0 4 , 2 mM<£>MgCl 
2 , SOjzM^dNTP, 50pmol^^^7-r^— , 1 UOTf 1# 7— 1? (Epicen 
tre Technologies, ^(Madison), * >T * = W^ffl) *5± V 1 ng<DFEN-l 

12) Ncoif^&f^^5fcae>o2iffia«ft^ri-5Pfu fen-i*- 

1 3) f*Pstl|fl&£f^ 

±1*3' <Z>Rflltt* ^ft-eft, 5 , -GAGGTGATACCATGGGTGTCC-3 , ( 
ga?IJ#-^l 1 2) *5J:^5'-GAAACTCTGCAGCXJCGTCAG-3 , (1B?0#-^1 13) 

. pcr£jSIc£*k i *w<-x<D%.-<D£3i/*>' Kasif <@£*tfc 0 Pf 
u FEN-l^^K^^ ur-if^r^- K1~5 !J ~r>f yfyu-J* (OR 

F) £rgB3*J##l 1 4K*U CKOORFfcioTa- K*tt*T5 /IfiEW* 
ga^J#-^ 115 K^-f o 

Sry^e>«)9fflLTGeneclean h (BiolOl) &fl§V^K3tjg#<0»^fc 
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Lfc#oT»*lft. ftl H g<D^/umWfu FEN-lPCRgfe£, NcoHSilFP 
stlT^ftbfco mit&* DNA£. Geneclean II*cy h (BiolOl) Srffl^T®! 



5ff*#0»*K:Lfc3JSoTaf»Lfco pTrc99a-<* 1 m g £ x ?B{fcPCR£ 
»i9>fy^>3> M ^S»K, NcoIjoiUfPstlT^bbfCo 100ng®iB{fcpTrc99a 
fc250ng<O^tPfu FEN-1 PCRS^Srjg^LT7<y— >a pTrc99-PFFE 
Nl£fftHLfc 0 pTrc99-PFFENl£ffl^T, =J V fr V hE. coli JM109JNMS(Promeg 

c) tToay*^ - !>— ^S*©FEN-lJi^K^^ UT^^P^y^ 

tTn=iy*X- iM (Pro) FEN-l^V KX* l/T-fSr^- K1~ SDN A 
&*n— :=.i/^£fc*fc:. £jtfc (Zwicklk, (1990)J.Bact. 172:4329) ldiE<fe 
©*ftfcv^<o^o«3ESrip^fc*jSfeK:J;9, «ife«*lP. ?"t?^«(DSMZ#377 
3) i^DNASrWULfc. tt¥fc#5i:, P. tM»© 1 oGVWTVWSrW 
LT, 0. 5ml tf> L B (Luria broth) {CWMM Lfc 0 JBM&S:. 14, 000X g -e 1 # 
WM*#*U M&^y h«rTE0.45ml^S?gSbfco 50m 1<D10%SDS£ 

Jnx.T, a^ttfrfta. (rt) -es^y^-ufcp ft^-e, 1 : 10 

lvt3@ttttiUto ^y^n/NV-y^OOju 1 £ttffl»#»fciP*/C. 14,000X 
g"Cl0^Mii^ffil1-5r k\C£*)T>NA%'<l'y MCLfcp D N A^< U y h£ 
0. 5mlO70%^^ J — >^-C}5fc#U 14, 000 X g "C 5^MS^fBi"S w i: tc± 
ODNASrSS^Uy hfcLfco DNA^Uy hSrftJSU TE 100m U-S® 
SU S6K«lli-*rfc4<PCRRlSK:4iyBLfc. 

ztcwc, i&x b y ^x^-pcr^ p. 7 y ^^FEN-ise^-TV 

7*7 ^-£3' -*«B^9>r^— **t**b, 5' -GATACCATGGGTGTCCCAA 
TTGGTG-3 , (E5!l#-^116) *5 £ tf5' -TCGACGTCGACTTATCTCTTGAACCAACTTTCAAGG 

g-3* aew*#ii7) t»*5 0 p. 7 y tt^ ^P. D-f^ ft^^ w^fffi 
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r t Sr*ifti-5 *>0"C&5 0 La>Lfcj»^ :07yn^mKoMS/«j;5 
?.7}}*VxiS3iXM. ^^^^S*OFEN-l3te^(DDNAB?!ISrfte>^< 

5* -AGCGAGGGAGAGGCCCAAGC-3' (E?!l#* 1 18) jo «fc Tf& -GCCTATGCCCTTT 
ATTCCTCC-3' (gE?iJ#f 1 19) ~C&£ 0 r*L&0>rt8B:/5>f Sr^V^S P C 
RSr, Advantage P C y hSrfflVvCfrS ^ t iCi 9 , ~300bp<£>± 

1 8&&xfi i 9) fc^HfB^-r-r— (E5!i#*i 1 6*5*1*1 1 7) 

XEW£*i 1 9) Sr-^tfSlStioTeoobpo^^K^c 
, 5* (E5IJ#*1 18) *5iW-**B^SS^7^^ ( 

BB?!I#*117) Sr^tpSJ£i-J:or750bp^y RtfS£Cfc 0 r*t&<o*w^ 

*l-l 6*3<tt?l 1 7) irjS^Lfco r^KJCi-it), Pwo FEN-iite^*-^ 
> y r-5*-f >^ ^- &±fc&$t? 1 kbODN A»f>t^#?>ttfec #<bixfc P c 
RS«*y/WBf»L, «{bLT, Mja FEN-1«£^P C R£fcfcO^T±B Lfc 
#&££<|13t£KLT^ y-i 1/b VLfco »6*bfc:/?*5 K«\ pTrc99-PWF 
ENlt^LfCo P Trc99-PWFENl£/BV>T, a ^b 0 ^^ hE. coli JM10'9fflJ&(Prome 
ga) Sr«lpftflf t J: 9 JgJME*Lfco 

d) Archaeoglobus fulgidusd*fo(OFEN-l^ V ^ 1/7- tf<£>^ n V^ir^S 
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^#W&Archaeoglobus fulgidus(Afu) (D220^JSSO^fef^gB?lJ?rTIGR(The I 
nstitute for Genomic Research) Oworld wide web site^Cb^^^n— KL* 



$\\ "VFDG" ^^^/i/T^^>, T^7=¥>-^ ^y i/>0<D#&£:# 

\mmz ntc 0 mm/ mmm*-?^ y a^m* 
^offioFEN-iae^t^^i:f"-rx^&ofco ^oorf dnass^j^ @a?y#-^ 

%<D&Pmm&I8^X, A. fulgidus^y ^DNA^^<7)FEN-llcMfcE?ljOTCRJi 
itglC'Kffl+S. *V \s*7-V77 4^-$:mftl<tc 0 DSMZ(DSMZ#4304)^ 

bOi#^A.fulgidus/^xy T<DlsUT;\s GS$5mltf)i#*S) Sr^ffl+S^ 
t £|&l^T, M. janaschii(dHLTllJfe^|29a^|B«LfcJ: 5 l-A. fulgidus^k^ 
/ADNA£fa$[Ltf: 0 HJfe^il29a^|B«Lfc<fc5^, l^^ny^h/^y^ 
DNA^PCRRjSKffiffl Lfc 0 5'*«:/7^~J3\ Nco I i^^T r*£ro< %>fc£><D 1 
i^S*f^»m^&^* : 5r^V>T, Afu FEN-ia^^^C^MWCfc^o 3' 
T^S^y-f^-^ Sal I U*>f b£ro< &tc&<D 2M&(oWM&i$if^ : fc%k^^X 
y FEN-1 ORF^^TM^Afu FEN-iate^c^ *S(C*B MWT^&5o 5'&tf3';5fdg 
^y-f^-^SE^J^, '?:t^*F^1/5 , -CCGTCMCATTTACCATGGGTGCGGA-3' (gB?lJ#-^170 
)&U<5'-CC(X;CACCTCGTAGT^^^ Afu FEN-lit 

e) Methanobacterium thermoautotrophicum^t?COFEN-l^i^ ^ UT*— H<D 
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Genome Therapeutics world wide web page*T? N FEN-ll£{%#£ ftTl^ST ^ / 
KIB?!IS:Si"fc4i>Methanobacterium thermoautotrophicum(Mth) / A(D±^*— 

</<!> 



7x^75^^ 5 ^y ^vy—f*^ ^7 

fco Eyi#*181tt^ Genome Therapeutics K^StlfcMth FEN-1 ORF DNA6E?!l£: 
StltU -*K?'J#^182«. Genome Therapeuticsfc^SttfcMth FEN-10RF* V 
'<*JHBJItrfIft1-6. La>Lfc#&, ^OJ^^y^^s/^u-AHt, 
151*3257 5 / ^* cOft&(DJK^FEN-iae^ t ifc^t" 5 t , 2597 5 / m&Xh 5 
o r^-&coiffHSr||^5fc*jc, Afu FEN-lld|iUT±J£L^<t 5ic|^— CO 
Mth FEN-l<DDNAgE?iJ£»fc 0 

l/>f7 A0>*5 J; *750# § 1 ESfctfcfcfc: <fc 9 328T ^7^3; 5 

P.furiosus FEN-Ute j f*Oia««i:39%P— -CfcSo «5t±<£>Mth FEN-Htfi^ 

^^-SrRtl'Lfco 5'*y^^u^Ktt, 2«fe&£***t#Nco I * 
-Y h£o<£- Mth FEN-iae^OS'^KWiW-C**. 3 j ^y 

h Sr^fro 5' 3' * ]) 9 KOEMtt, ^^5' -GGGTGTTCCCA 

TO&AGTTAMCTCAGG-3' (e^JS^^XtW -CTGAATTCTGCAGAAAAAGGGG-3' (6E?IJ# 
-^-173)-Cfe^ 0 

ADNAfi, HiS0829alr|B^$ttTV^5 J: 5 (-ATCC(ATCC#29096)/5^CO^ 
M. thermoautotrophiciim^^^^yT(^l^MT/^?5»U/Co Mth FEN-1 CTCR 
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T, ^$29a&tf29dli:SS&©J;5fc*i£fcofc 0 World wide web±"C^M$il 
-O^yyAE^Jiifc-iS t> ^n-VftMth FEN-litfc^-fD^-^V^V;/ 
«Ci9, ttJQftfc "T" *t U*^K©#ft*Wbi»lC$*Vfc. FEN-lat— 7V 
y-r^>-^:7u-A<D775#g{;:&fi-f?>;i© "T" j££tt, Ai^h 



182H:, #3S93©Mth.ORF DNAgH^JWSEJiJSrJliftU — E?iJ#-^183li, #3§ 
f ) ;tW$H4FEN-l 9 is* 9 K © **IS$f 

Mja, PwofciOTfu FEN-l^y^^K5r, TIB© <fc 5 &Taq DNA# U / y— €fS 
§g:/n h =vW (Engelkefe (1990) Anal. Biochem. 191:396) tC**-t5TE©Slff 
iCio-CWfSLfc. P Trc99-PFFENl, pTrc99-PWFENl, £fcf4pTrc99-mFENl<£>^ 
■rtlfr&%t!E. colimi& (JM10980 100ng/ml<DT>¥i<'V y%$ttLB ( 
Luria Broth) SbI^KSMIU 37tt?16^rati?t$-frfc„ -Hfe^ig* Lfc»* 
l^i 100 It e/mlOT>^>]) V^tfLB200ml*fcl4350ml^(^aU A 600 ^ 
0.8fc*5*-C«b<WH,*aS637t;-«|ISt§*fc. IPTG ( 1 M(D&ft®m) 
lmMJc&5$-T?Anx.T, 3rd-C16l*B|liJI«:«Wfc. 

•MISfifcilBISfc^i'y McLT, lW&-*Wy hoaSfctrofc. ^*©2 
X DG$»f£ (lOOmM *HC1 (pH7.6) , 0. lmM©EDTA) SrvtaxT, ^Wyr-fc!* 
j$l:J;ctSiSLf:. SOmg/ml^U J* (Sigma, ir>- r-/W 5X— 9 
m fcft|***#lmg/Bllc*S**to*-C, *l]|&*fcaL"T»l6£IHK i/****- 

htfco <1096*tt) «\ ft/fc«£#0.2%{CftS;i=^«#L 

ftas&BTUfc. l£S©H 2 Oi 1&4©2X DG$«&£;(JDx., 
**±r2»Mfr»«BaU-C«a^*©«iflE«rfiT**fc. ^&Mt, 3M©(N 
H 4 ) 2 S0 4 Sr*^»a^o.2M(C/j:54-einx.T > 14000 x g. 4t-C20^ffi 

ftb&ftUfe. ±Jt«r*0tHl,T, 70fcTf60aHKl'**'*--hU *tf>8#10% 
tfy^fvwfSv (PEI) S:0.25%tr/j:5*-cip^fc <> *±-C30#|BKi'*3. 
-<-hbfcm> a^*S:i4.oooxg, 4t;-c20»DliaiWMibfc. 



-227- 



o a u fen-i* «&tie© j; 5 n (NH 4 ) 2 so 4 ?r»-r 5 ^tia 

PwofcitWfu FEN-lfSMW-ftLT, 2^ftro3M(NH 4 ) 2 S0 4 ?:te!JD-t-5r t 
9FEN-1* i"«*KS:ttl8S*fc. jB^**-ftSatfl«*M^ ^a"*- 

hSr % 0.5ml©Q$»$ (50mM© *HC1 (pH8.0) , 0. lmM©EDTA, 0. l%©Twe 
en 20) l-BJgSLfc,, Mja FEN-l«R»fc*tL-C. @#©(NH 4 ) 2 S0 4 

trMMUE^SM (~75%&ft) t<CS*"CllIitr, S"fr4*«:#±-e305MBK V 

^I2~4(ig fc£*rt"37 U «5JgLacmmlii$«ig (Laemmli (1970 

) Nature 277:680) f(C*5V>-C, 10% SDS^VT^ ]) )VT $ K^A- (THA- 
T'S K : ^-7^!J^7 5 K©Jt#, 29:1) _b-C**iic»U 9—* 9 s—-f9 
DTyh :/A~ RTSfcfe Lfc. *©*!f*«rBI 7 5 £^1". 

0 7 5 tCfeVT, U— y 1 telt&^ft*'- *— (Mid-Range Protein Molecula 
r Weight Markers, Promega) fr^Htl. ^-#-?V^R©*t ^ii^A© 
fclC^L^o U->" 2 lC|*fflf§8Cleavase(gg:iStg) BN?^ UT— tf^Six, 
W->"3~5Kli, Ztl^iX. Pfu, Pwo*5j;mija FEN-1J5^ if^r^-t 
5E.coli^fcfBSit$nfci*Ul%^*tt5„ Pfu FEN-l;*^ W7- »?©#^I:© 
IHM (i-*bt>, ?^I/7- e&3-K-r5DNAE?iJ©»iJ£ffl^5) tt, 
38, 714^A h VCfc 9 , Mja FEN-1* ? UT-if ©$H-*©&rfMttt37, 503^A 
hVCfeSo Pwo FEN-l^V/^RiPfu FEN-l^V/^RS:, SDS-PAGE^Ai-? 
V^obJ:k:#f!)£*5;ii:<£j:!5. Pwo FEN-l©^**^. 7kDa£3f 3£Lfc„ 

e-g) FEN-laiyK** UT— eSrJB^SJSttTyfc'f 
i) ffl^Tf^TyfeW 

Cleavase(3£®|&K) BN?^ UT— tf tt, 12ffig*f©;*X A— A— yflfiffcfcf 
LT, StfiSSst©;*^-^— 7"DNAfl|)t©i(!?)60fflP©iR^JttS:*i-S. Cleava 
se(S»[SS)BN^^ WT— ^tFEN-15?^ UT—tft©flN4©avMCOVN-C© 
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K8fei LT V 8 SfcttiZbp*?* A— A— 7tr#?-S*P * K©»&* 
(S-33jo<tm 1-8-0^" 3%9 Uis-f-Y^XJiMl 1#JS) Mja FEN-1* 

* uT-*«a*BBa'r5E.coiijBfi*»6»i«ixfcaiw* (±e<o± 5 \zmw 

kthicjy^^—hvtz., Rfcyote. o.o5(im<d*v =r* * Ks-33 ( 

BB?"J#^ 12 0) *5itfl 1-8-0 CEW#*1 2 1 ) (jftfri t>5' 
>^!&£^tf;t!J h'-CfeS) „ 10mM(DMOPS (pH7.5) „ 0.05%Tween 

-20, 0.05%NP-40, 1 mM©MnCl 2 £-£A/-Cl/^c. S^%5r90 < C-C10g>rflJP^L- 
, 55<Cl;ift£PU JJCV^-CI H 1 ©fiJSffi^ (Mja FEN-1) jfc/cttfftKlliSf ( 



Cleavase(S»ffiai)BN5t^UT— ^) Sr^JtT, iS3*£55 , C-eiO#ia>f V* 
^-hLfc, »*****V^#flllKlkt>ffofc. *^AT5 K/EDTASr 

«^8c»U B&FMBIO 100»*W«aiE-Cttftfl:Lfc. #bHfc«l«rH7 
6 »£*-f 0 

13 7 6^*5V>T, y\ K»iCleavase(g»j8iS)BN** UT— tflCi-oT 

^Jtl, -t LT V — V 3 (CfiMja FEN-1* * U7-i?tC±oT£ tfcffiESSfe 
i&*£*ft5. 07 Bfc^Stufcf'-^^ior, Cleavase(S»iS«OBN** U- 
7-i?l4S33«jt (12bp*xA-/V-:/) (0*Sr3ft<»*, Mja FEN-1** 

Mg-tSt^p-tflS^ix-C^ao -tD^ttt, Mja FEN-l**WT~t?tfSCle 
avase(S«S}«) B N* * WT— t? t ttftfc SSSHfc&ttfcW U r^^^lfe^ 
J Ut J: 5 ft Invader (j65«£) Ty^SfcttOTP^iSWaWfctf 

S£t£0i|3 0 

Invader CffitMS) «*W»©***a»?«lK:#«***^--§^^**^5C 
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3' ^^KHy^fciliP-fS) ^fcas-ctsirs^&Si^sfc 

■fe-f VSfS&fr!) W-*^ K34-078-01 3) (200pmol)£\ 100 /i 

1 tfHOmM NaC0 3 (pH10.6) , 50mM Nad*-?, 95 t C(CT13^ffl^ y^fa^— h L 

fc, ^5rE$<*fc»tc. s^ji^^60/iirochiiiout (mm&) I4m#7-y? 

) „ 7y 3-hASrl/10^ftcD3M NaOAciJg-g-U 3^*©3i^ 



/-A-i^LT, -20t-Ci%#Lfc:o T^a-bBSr, 0. 5m 1 M MgCl 2 *5 
£.V1 n lOlasy h/u l*$i<'ffi'§7fr%})*X7 7?- j e (C I AP) 
(Promega^PxT, 37 < CT*30»Pfl-f >-^r^-<- hi" 5 r £ fc£ 9 ft U V^Lfc 
o /W: i^nn*/UA : ^yr^yUT^a— (24:24:1) & 

&#«LTtl#Ji£#;fco 1/10^*<D3M Na0Ac*5io:3^*ro^^ 

/-/HfelP*.fc*ffcftf»« ! K*»)Uibfc«, -20 c C-e30^ffl«#Ufc. 
m%OT y =- h (A*S .fctfB) Sr-r-T * na«&*fcT**3fi*TU0£MJ!if# 
BtLT\ DNA&^Uy hfctfc. ftV^N ^ U y h 2 IhU ^€H80%^^ 

TdTSJSSrTe©J:5H:b"CfTofc. 6o©»£*«rffrofc. 
-<-C x lOmM© MJ *0Ac (pH7.5) x lOmMWMgOAc, 5OmM©KCl*5i02 mMcO d A 
T P *S^*ttTV»fc. jg-g-ife 1 io£Xf2 1 pmol<D**n!a34-078-01 
f7 3) #*S*VC:|3 9 % S^3 33iV4ttt2/i 1 ©7 JJ =»' — h A (_hlE) 
tfttLtiXto*), m&H0 5&£Xf6\Z.tt2ii =»— hB(±E)i8*&*ftT 

V\fc„ *it«x9M 1 1 > 3*5itf5f£l/z 1 <DddH 2 OSriP^T, Ztl 

?n9ji l©S-&i2, 4*3<ttK6|vl 1 *i 1 <D20=>---y h/u 1 TdKPromeg 
a) SriPxfco jffi£-4&&37 < CT? 1 B£IHK l^a.'*- h U fc^T?lOmM0>EDTA*i«}:tf 
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0. 05%-^-*-^!|SfSr^tp95%*/WAr $ K 5 n l*«lPf 5 r. k <fc t) 
^■T$*fc. «A^«5tf 7M|R**lP*.fc4aiMhy^-*«5'IW[ (pH8. 

5) , 1.4mM EDTASr-&W-t5S«^S:fflV^20%^ttT^ y/WTS K^K 19 : 1 
1MB) «C±a«lafci!>K£oT#S!U 505nm7^/W:?-Srfl-t-5FMB I O® 

118 1 IC*JV>T. 3*5^^5^14, ^riVPiV TdT^F#ffiT-C-C 

y*rx.s<-YLt£. **0;a34-078-01 (E#l#-*§-7 3) » $##34-078-01 (BB?iJ 
S^-7 3) , *J:t«»»«IJfty V«Mt34-078-01 (S»9#*7 3) HfiGHtlX^ 



, *^3l34-078-01 (8E?lJ#4§-7 3) $##34-078-01 (E?J#-§-7 3) , 33 £ 
OqK5MW9 ^6*{b34-078-01 (BB?lJS^7 3) a*ft$*LTV*S. 
181, u-y4l^$tb2>J:5lc, TdTtt, 3' -*«y ^i*S££tri!&# 

f£lt#j3 1 

Invader (Mt«) ^IHMNB«MMW&T d T5WM«to (tailing) ft 6 tWCs h 

t d T&fflv>-ci#s6«jMSs^&#ei-5i&^, **f«q (tailed) mmz&m 

rfC&5o #3«fc«ttx TdT*iitf^^5t^u^KHy ^K<0^{C 

invader jt^MgE£-Cj££$ftfcMg£*&£#ft-f Sfcfcfc, T 

IBWSSKSrfrofc. 3o(OKlSil£fe«\ ZtlZtl. lOmMMES (pH6. 5) , 0. 
5%Tween-20, 0. 5%NP-40^P>ft X-ft-z>1t<, fK 1 ©jft£-«&B\ 5fmol 

C0^#JDNA-M13mpl8, lOpmolO^D-^!; ^32-161-2 (BBJ!l#-§- 7 1 , r 
©^p-^U rfjc ^ l^f" Ktt» 3' jfenjftififca* d d C*J XXfC y 3 T $ Kfb 
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K(amidite group) £-£tr) ft e>tNC5pmol<£>Invader 

^K32-161-l (E?iJ#-^7 0, rcD^-U =*f*3' d dCSr^tf) ££A/T?V\fc 0 ft 
2©j|^l4 > ^P-^Joit/lnvader ? l^f- K£"&A,T* 

*5?K IWDNAIitA/t-V^i^ofc, ^3<Dii-g-fett, ft 1 tPCT? 
Invader (ffifl&) &frBBS!£«b& % H«©«rtfefc£ftMM:fc.fc Ofcffl 

■r scit^-ef si 5C 5' >mm&Gi>x^z$in-ttm-<z>7v 

— ^gfi^ij {^"D =^32-161-4 (ge^J#^- 7 2 , =*f*3' d dC, 5' 7/\<*V 

^OJW)8l»»t», 10pmol(D^-y ^32-161-2 (B?9#*7 1) £^A/T-Wc 0 
^il3)i 1 ©»*ia^«)ML5ngOCleavasc(aftlfl!*)DN5t^ fr— tf* 



SnxL/c7.5mMroMgCl 2 ?r-^A/T-^fc 0 TdTM (#4/i 1 hit 9) tt> 10UO 
TdT(PromegaK lmMWCoCl 2 , 50niMcDKCl*i .fctAOOy MO d TT P &SA,X\/* 
ft. ±IEWInvader (j$H&) BSiRJSft^lfcSrSiWf^ff 5 » 3 m 1 ©Cleav 
ase(a»i«aO DNSWia^«IHfelP*.4 ^ t K J;oTS*S*W*&S*fc. 
&65tT'20#Pfl-1' V*^- h Lfc„ 3rC*-ffl&«IL.fc«, 4 /t 1 <£>T d TjB^ 
*«rJq*.T, ^Sr37 < Cr*4 5>W-r^^^'<-hL-fc„ fcv^, t*^>-16-d 
UTP?rl00/iMI-^.5*T^Px.T, ^!|S(-Sr37 c C-e505rK-Y V^a-<— h Lfc„ 

/i 1 O^S^iS^Sr2.6/t 1 »95%*/WAT5 h% 10mMWEDTA*5it/0. 05%^ 

5mMO Ki; X - * (pH8. 3) , 1. Am<DVmk*^-?Z>WmW. tth i-20% 

m£7Z y^T^Yf^ (19: fcn-T-f^Ufc. {<DX17 

4-HinfI (y^V±4 isWMZtlX^Z) ) tn-f^y^Lfc. 
, 505nm7W^ — SrH&fcFMB I O-100B#T^7-rif— (Bit) 

18 2iC*5V^, k-yi ^^©^StStVT^/iV^O— ^32-161-2«lt 
tf$HtlX^Z 0 ^-V2*3j;U!3(C(4, -»»TdT5l5Jif*J!lP*S4 
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fi*)DNA> 7*n-^y ^32-161-2 (E?IJ#^7 1) jSitflnvader (fflg«) 
^-y^32-161-l da?ij##7 0) £ffl^Tffo;fcKl&j^tf^*ttT^3. 

vefciu^hi, ^-Jv&fv -»«jTdT*SftlPiJSftv^i&^fc*)5»&©» M 

#)DNA, ^D-^t!l ^32-161-4 (&?U#-S§-7 2) *5 itflnvader 

^-y =?32-161-l (^#-§-70) *£#*-3Kj£:*ito&*i-t>©-es>*. l^-V 

M(-{i-^-*-OX174-HinfI^*nTV2>„ 

u-^433£tf 5©KJ£S&W\ :/n -Tries' 7^HrW^^qSLiteV>r 
t(CJ;o-CftW5'S^j (y/u©jS85ffjfiO TAJ i^Lfcfc©) tftttTdT* 



3'&#«;:;h,b©&&£Tfc:^Tgs8-ef-5 (y/u©q^©XT© rcj 



>SW±«¥- h U-t;VD-X T h U y ^7, fcCD-fr/c Universal GcneCombo( 

mizm^it. mmmvozmm-rtttbi^ 2. spmoiofttsar-y ^59-28-1 cbb^j 

#-§-1 3 3) Sr##fc^#y h Lfc„ «a^©ffi*fc LfctfoTaMHsitfa 
H7 9fcS3V^-C, ®##6*Jj;t57^ «£l$DNA©*#fiT:fcJ:tf#&TT- 

So 

#6£ttttLfc»^©*7fc**Sft3*xKy h©»*H:, Invader 



5Ht^^-rt»©T-*5. #^WJT'&Universal GeneCombo (MH)?:ffl^T 
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, it^myt. &<»mt. mtmtkm. %^mm^tt.it\-mm<n 

SI160«3 2 

Cleavase(g&ig«0 ^ UT— t?*J<fcU<Pfu FEN-l** UT— tfl£<£3Inv 

ader (iSSC£) ffi^HS^felt 5ftAS$ 1 7xi—7<D5' ®m<D%}&<Dl£®. 
Pfu FEN-1^^ WT— If&.fctfCleavase^fiti&aOA/G;*^ U7- t?<£>, 5' 

3 



-enm£tiitmu<omm*%-fz> 30©^-^, «^®rt?2bSMi3m P i8© 

8, 5*>.fctf3 4£2i T'-t-.S^W^^ 94 *— f 3 fWfcSrfl* 

FEN-1^^ U-T— ^*3«ttFCleavase(^»ffi^) A/G* ^ UT— Wmmm&Vo 
$rf£ofc, ZtlZtl 2 m lOPfu FEN-liS^li, 100ng©Pfu FEN-1 (HJ60H2 
8(C|B^L.fct*5 9^PSiLfctO) *5iU57.5mMWMgCl 2 Sr#A/-C^fc. -ttt^ 
tt2/i 1 ©Cleavase(g«ig«)A/Gig-£-fete, 5. 3ng(DCleavase (g&iffilg) A 
/G?^ UT— Ifjoim.OmMcDMnCla^A/tfV^c igfffjK, M13mpl8*5 < fctflnv 

ft^tt 7 m 1 Ojg-o-^ 1 ~ 3 tt, 1 fmoKDM13mpl8 x lOpmol ©Invader & 
y=tX9\s*?-\t {34-078-4 (£H#-g-5 0) , 24-181-2 (IE?IJ#^7 6) „ * 
£1224-181-1 (e?iJS-§-7 5) } ?r*Dxfcl0mMcOM0PS ( P H7.5) , 150mMCDLiCl?r 
-fcft-eft 7 /* 1 <DM&%)4~6\^ 1 fmolcDM13mpl8, lOpmolWInv 
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adcr(iSfi!£)5i-y dtxirvWY {34-078-4 QEfll**5 0) , 24-181-2 Qffl 
#f7 6) , * £1324-181-1 (E^JS-i-7 5) } §rJPx.fclOmM(D h U * (pH8.0 
) SrtAz-C^fc. &vvt% m&mi~Q*Z:ti : eh3mm&®\-ftrtX, 7>\> 
*Ut^yit^n-^ (d-y ^34-078-01 : gB?lJ#-§-7 3) , Cy 3Mfc/B 
(*JJ =?43-20 ; WS%&%1 4) JfcliTETgl^n-^ (*y =f90 : 5' 
TETiiHtfEJflW4 3) W-ttlfrttRjUt. ^MJl7(i 1 (DMS® 
ft-T^T, 10pmol<7?*fJE&7°n-^'4r^'A/'CV>fc o ±|EWDNAiSfjK*, 10m 1<*>C 
hill0ut(«»ja*)3R«aSWJi-C»*io-C, 68tK Lfc. 

S£-#5 1 ~ 3 *»6PJlUfcRJS**, 2 n l ©Cleavase(g»jg&) A/G* * 
UT—ffa^fc-CHtt**, &6*4~8a>&mLfcKJftK*2 M 1 ©Pfu FE 
N-lJi^-«bt?M^$-g:fc. 68t;t?30^JDl^U7t#> 10oiM<OEDTA*5J;U50.05%t- 
#-ife#*-£tf95%=ivi'.*7'S K8/» l ?r*D^5 £ fcfci 0K£*j|*T3tffc. 
ftfSf £90=0-? 1 5>WJPS UfcUfCfc, 7 MS^SrJBAfc45nil > «J * * Plfett ( 
pH8.3) , 1.4mM EDTA£-£tfigWf 20%£&7 9 !) A*T $ K^/W 



(19: l&ffi) (C<fc5«^&i&£fTofc„ ftftftttflL 04FMB I OgftBtfe 

@8 0IOtU Cy 3^^n-^<75!g*5-|2l8 KC^U TETfiW^n-^ 
cD^*Sr08 2{C^1- 0 CttP>CDlllC0 ; etV J ?n{C*3l' , 'T, Cleavase(^ffi^) A 

/ g (c i 5 W^jS^ lii/-vi~6i;/f^ Pf uFEN-i in «t 3 HSS^i i^- > 
ia<a##(c»vv<v Ki LT9ltiTV N 3 Cfefc ruj t^$tiTV»5) „ 

-5*^08, 5*fctt3JSS^#-t-5. Invader^" y =0* Kt£ £ <3 

*ztism&m>A-rt£t>ib. rxj «*tt5t^u*^K<nt)fi*8, 5**11*' 

Cy3i»offftl:J;-3t > H«i5fv«j;n^o< 5 
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rttfe©^-*^ Cleavase(g&j&$)A/G:»oiOTfu FEN-l*»ii#glft 
iZfo&-fi>h^OZktft>fr&o Pfu FEN-l*? 1/7— Cleavase(g®fSS 

rit£ilLT^5i^5-i£^-t-fc©-t?fc£o *fffi«)lc, Cleavase(g4lM) 

a/g* * ur— if 9 te^^nycHgirostt, ^i^-tt^ j; 9 mwm^ 

tb-r-5„ 7/u^-U"fe-f v?fei|s|-wffiffl(e:J;i9. Pfu l/7— 
fc^*t*^)fiV^*^#?)^ Cy 3*fcttTETW^ffl(CiO> Pf 

u FEN-lKJ£^ti£tfcLfc#g\ ffl^lcffiT tfcft^^^fc. c©r.ifc:*f 

<>©-?&►) (08 2©t/-V5:ioJ;tf 6) N Cleavase^^^A/G^^UT 
— tffiPfu FEN-13*:? 1/7- ^tl^DiSS-CM^Lfco r*l,ib©x-* Cleav 
as 

t^fflL.#5tj<DT*feS— Pfu FEN-13* ^ 1/7- tfiiC y 3 ioitfT E 
?ffi^n-y©5BS(c»* LV^ 1/7— 1 v> 5 r t Sr^-f 

Jlli0ij3 3 

Cleavase(3£ISiSSD A/G?^ 1/7— tfifcfiPfu FEN-15? t> 1/7— t?«r$l\fc 

3E«fmf*!inft «fe«aJ2 3*5j;tf 2 4 (C^Lfci 5 &«Wi£Ss&# 
*fcttCRT^o-y)^tf^n-y^« =f**l/*-^K©5' *«{C*3»T5IE 

Cleavase(S»iSai)A/G>c^l/7-**fcH:Pfu FEN-l* * 1/7— 
©, ^o-^©5*7-AftBSi-5«*Kj»#ft&»ii-A»5*»ftWI'««fc«>li:» 

TfB©Ba?iJSr*-t-5 2o©^n-^j}-y =f>c^ l/^-f Invader (ffifll^) 
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KJSfcfOTLfc : ^^-^34-180-1 : (N^y3) T^T^CCAGAGCCTAATTTGCCAGT (N- 

(&£'J#-^7 7) $o£Tf7* — ^34-180-2 : 5- (N-TET) TTCCAGAGCCTAA 
TnGCCAGT-(N-7/W^Uir^ V)A NttT E T^fc^^/V^l^ir^ 

Sr^tp;*^-?— S:^) (gS3W§-7 8) 0 -:/34-180-lte, 2o^)5'* 
fflT^S{CT^ytffifiS(amino-modifiers)5r, 5'*ttl:Cy 3g^Sr*TU"C*5 
9, S^ffi^^^iEW^f^oTV^o ^0-^34-180-2^5' *ffl^TET^ 
f&SrWLT*^ £#ft]E«*m#v\> 7u-zf34-i8Q-im' ^(Dysuj-ls't 

ICiS) VNobi^^ft-rsrt^T^So ^-^34-180-105' IfigS^I^ 

wss/Sf^ TiEot43 9^tTofco ±x<D&mz&%Kfc*2minx'K^ 

tc 0 Pfu FEN-l^^l/T-^it^Cleavase^^ffi^A/G^^l/T-^cD^ 
5^^£fEStLfc 0 **V?*b2 n 1 OPfu FEN-lJl^lS, lOOng^Pfu FEN-1 
( 



o ^Mtl2/i 10Cleavase(S&^)A/G^^UT-if^fe^, 26. 5ng<£> 
Cleavase(S^ffi^) A/ VT — if joiTJ^. 0mM(7)MnCl 2 $r^A/"CV^^:o ig» 
M13mpl8*5 <fc tflnvader KSr£^1"5 4 ficD^* * 
— a-&**f^J4Ufco **VP*L7#i 1 0ft&4felfc 5fmol<7)M13mpl8, lOpmol 
©Invadcr(SS«*)*y^^U^Kl23 (IE?IJ#^7 9) SrJP^fclOmMCOHEPE 
S (pH7.2) «r^A/-ev^fc. tt?tl7^ 1 2 tt\ 1 fmol<Z)M13mpl8, lOp 

mol<DInvader(ffi«*)^y K123SrJPx.fcl0mM©HEPES (pH7.2) £ 

^Ay-ev^Co ifl^fh7 a KZ)M3fj:, 5fmolOM13mpl8, lOpmoltf) Invader 
GSR*)*!* =0** U^Kl23SrJPx.fcl0mMOHEPES (pH7. 2) , 250mMOKGlu£ 
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3X-C^fco Wa7/i \<Dm&y04te, 1 fmol<£>M13mpl8, lOpmoltf) Invader 
dt%# Kl23SrJ0x.]rcl0mMCOHEPES (pH7.2) , 250mM<7>KGlu 

£^T*Wc 0 &m&yo7 v UC*fLT, lOpmolO^n -^34-180-1 (ga^ij## 
7 7 )*fcl^n -^34-180-2 (6B?iJ#^7 8) *iDx.feo ilBODNASSSS: 
, IO/i 1 <DChill0ut(S®^)^»ii»flT?*5fcoT, 65ticMbfc 0 
l-2^&»|J8LfcKl6;*Sr, 2 m 1 <&Pfu FEN-l3B^»SrJnx.5C tic i 9 M 
S-&*3-4*»bW»UfcRJSai*2/i 10Cleavase(BftttH)A/G 

niM^EDTA^tf95%^AT^ K8/x 1 £ t fc«t 9 SJ&£^7 $*fc 0 

IW*90t;^l»IWJrtRLfc*-t-Cfc, 7MR*«rlPA.fc, 45mM h y **?8£i& 
(pH8.3) , 1.4niMOEDTA4r^jS*^4 l T*20%l6ttT^ U/KT^ K^/W (19: 1 
te±5«S*ft£firV\ ^LT45mMhy**?$ig (pH8. 3) , 1. 4mM EDT 
A*^trif»«+-e20%55«{T^y^T5 (29: l5Ktt) lC±.5«ft*» 

Ufco #&*ifc«SrH8 3K»i- 0 H8 3Af3«»tt4«ftiSc»*|«3lc:j|lELfc* 

So Pfu FEN-l^^UT-^fcCleavase(»ftffitt)A/G5?^UT-*tc:J:oT 
jg££:ftfcra&S$)£, Ztl^iv^— Vl-8 <t 9 — 1 6lC^-f- 0 5fmol<DM13m 
Pi 

8S^d^b#5>tlfcS^i: lfmol<OM13inpl8^*^e>#e>n*:S*Sr. 
1~4, 9-12 (5fmol) t5-8, 13-16 ( 1 fmol) — ~f 

34-180-1J2I/— VI — 2, 5 — 6, 9-10, 13-14tfc0, /n- :/34-l 
80-2^-^3-4, 7-8, li-12, 15-16ffe§ 0 
£MgRJ&^#b^ 88 3AtSt ( 

Wj fc^Lfc) o 35C^U^K(nt)5'TET«lia*ttr©HTHJ!,*. 
ftV^S, 5'Cy 3tttK£«»ia 8 3 B [C^To 

sis 3a©3'»^f^i^ a^^s^fflsaicoflF^T^iottsa^^ 
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#EK©fit*»A»t>?)-f> Pf" FEN-1^^ 1/7— - t?*5j;tfCleavase(g&iS^)A/ 
* 1/7- tffiP5;£ 1 t> i 9 #< <£>5* T E TWfcfu— ■7&Jk<DWfy*7Frt t 
^OZ.ttft>fr%„ Pfu FEN-l^^UT— ^(cHLTI4ffi-§-^t5-f^25~40% 
Li*«lPb!fel^©a*i*sa*-C*>*. La»Lfc#e>, Cleavase(Miii&g)A/ 
G**l/7-i?£>#<g\ 5'TET«fflHc»i-S»V^l*tt!6S*>S. Lfc^oT, 
«ffi^^&fl^T**fc#Ar*-.5»£\ *Ktt*S©£*to*Cleavase(2» 
iSSOA/G;*? 1/7— tf«KRJS**»5>*«*Hii», Pfu FEN-1* * 1/7- £ 

H*W3 3 

Invader ) l&fr BHSfc ± S 5 y *©*fflfc*tt 5 # ffl (universal) i£g 

, SMt^f**^. *fc, *aaa£»4*<«ufi*rt»jau*<-c'i>j:<, 

©JfiStt, Zfi«©?^i/^KtR*KD^tJ:ffi*1-5itdSt?t, *S£*f£ 



n hnt'n-^gatt-tSClt^J;'? ligg? *-7y^cD3&B'J(differential)^; 

*iftLfclH*Tj ©7p$)t^ffl!i>fc4-fSJ:5t?fcS. Invader GS«£)*t«fr 
MS7 yfe/C Srffl^T § ^ifMK&tH-f t mi CJgS^^1"5 
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rft^cDTylr-f (CfflV^i-bSSlHL :/n-:/:fc±r/invader(iSg£);*-y 
0 9, BB?iJS^8 3) ^atffl^t T'ci-^p^^W^K 

^6 1, ea5ij#^-6 1) w^i9iE<7)^«^f^wi-s^as^^ai- 

itV zJ%?U*3-Y'(D±.j5\mfF-rZ>o ±Zte$zC<9^ Invader (ffifif£);*-y 

=* (*y=i6 7, xxxt^x-w?- (. tmj ) co^dii^sifis 

( rxj ) Sr^tf Invader (ffi^)^- U ^^^^r, TfB<Z> Invader (»&) 
:*y ^ffl^fc : ^^K(nt)$^-7.yf-^tf^!J =^114 (SE?iJ#-5§- 

86) ; 2j@C>5-- hn-f ^K-^SSSr^^ ^-^yf-Srg-^fcl/v^y ^1 
15 (!E?iJ#^-8 7) ; 2iBcD5-= h n-f^ K-^itSfc-^K 
K(nt)5^Ts/f-^tf3MJ =^1 1 6 (iE?iJ##8 8) ; H@<£>3-= h o fcfn- 
A-&g£^ S^^Sr^fcv^-y =fl 1 2 (I}?iJ#^§- 8 4 ) ; Hl£>5- 
^hnfc'n-/w&S£-£^ ^-jc^u-^KCnO^^-ry^^tP^U^l 1 
3 (SB?IJ#^8 5) ; fciU^&i^±l£ffiMlMj^fc5*y 7 (SE?iJ#^6 
2) 0 

Invader(f&g|£)Jf^B§g!K^ 1 *MOjiySftftAtt*y K 
(^•y =?6 7, 1 1 2~1 1 6) , lOnM-g-^Wl 0 9, 1#M Cy3»^ 
n 



-76 l*Jj;TJ52^ = y l~<£>Cleavase(&IMC)DV (HJ60B2 7 KfEi& Lfc.fc 
pf-L-r^K) Sr-^W-f S10/il<O10mM MOPS (pH7.2) , lOOmM KCl^-CfTofc. 
a&#l£Chill0ut(i£&ig^mftl7 s/^T'io&oT, S#Jft£j£MTfc£52 
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£f?±£it:;fc 0 ££j£tec£>if&gi:<D4#<D 1 £20%*£t4#!J7;}' V /UT $. Yff 

M04FMB IO-100£****^— ^^"CaRflSLfc. #e>*Wi&£ia 8 
6A~ClOTt. #/^HC*5V>T, >l~6^lix ^Jv^ftlnvadcr (jgg 
«)*M67> 114, 115, 116, 1 1 2*3it/l 1 3SrfflV^5SlSI- 

^JR* fcH^&J&S^ ^ V ?J ^ a ^ «fc 9 f> WStK* t ft&S'J (diffe 
rentiatioh)£*U r<0®g(Oti*iliaa^fe#^±t?^4*V^tV^5 i 

3 5 

»SKBB?lJ5r, l«S<Z>^mft5&^§l#$l (close relative)d^ESiJ-t-50^ 

fi-CSV^HftoT^*, ffi^C»^t bras^tt£^Wga?IJ£fl35S!Lfc. 
*y ^^V^Kl 6 6 (iE?iJ#^-9 3) tt, i?£§[ras«ll$BE?lJ£r^-rt>tf> 

-e&So ^y^^v^-f-Ki 6 5 «a?ij#^9 2) (4, %m&mwT&si&$i& 

s 

a^ro^ KVl 3\cMfci-ZUmz&mmkn&tf*£hX^Z> 0 InvaderOS 
K (*!> =* 1 6 2) ft, E?fl : 5' -G S C S T S C S A S A S G S G S C S AC 



-241- 



TCTTGCCTACGA-3' (BE?IJ##9 0) S \i.^~;^^m-f) H"* 

z.fib\i£- J 7***sxin'*?- K-s'-o-d-^^ey *^7i- h)X*h 
-5} 5=^n-^ (*y=*l 6 1) 14, mm : ^-(N^T^WCA 

CCAG-3' (ga?ij##8 9) £*TU ^^S^ras^6<jia?iJSr^W-t-5fc*^etf 
:*y =*1 6 5t^(Cft*W-Cfe5) . **v%-*y*% 

t V*<? K (*M164) 14, K?IJ : 5' -CsTsCsCsAsAsCsTsAsCCACAAGTTTATATT 
CAG-3' (S2»^9 1) ^-T5 0 y =f* * Ktf>g8§M^tf> 

«^5r^-T«tB&E^ia 7 6 

fiAtt^y^^^^K (*M16 2) feitf**** 
^^U^-f-K (i-'J^16 4) SrlOOnM-fo, 10nM©Cy3gSI/ 
u-7 (4-9=ri6 1) ^bWclOOpMO^y ^1 6 5*fcl4^-y 6 6 
WDNA) SrAOxfclOM 1 WlOnAl HEPES (pH7.2) , 250mM KGlu, 4mM MnCl 2 £ 

-£A/-ei/\fc. DNAig-a-^«rli;ffl-c*j*3oT, 90tre l 5 fj^gft u &<^-ce 

&mgE<047t, 50t, SSt^fcteSetKLfc 1 *jl<D100ng/Ml Pfu FEN-1& 
fci&n*. £ £ k J; *> SJSSrff-it $-&fc„ *K**o««*© 4 1 £20%*^ 

y^l65) *fcttlF£S! C*-y=*l6 6) 
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I960I3 6 

tWSfcBHW-S. Xttffll lfc*5VvC, **W©JC^WT— (#l*JfCleavase 
(IMDBNJi^l/T-f, Cleavase(»»iafflOA/GJt^UT— tf) ££tr 
S8fitt5* * 9 1/7- tftt, 123 Ofc^LfciSl^ S^©"m«W>5*«llHcftn 

*f««K:WS!i-«ffi***-r5. -f y^-?-*V ^ * K©3' * 

«f*fctty ytS"Ctt4v>) *>©-?& 5. 

SI 8 9 AjSitfB ti, Ti2©6EJlJ : 5' -GTTCTCTGCTCTCTGGTCGCTGTCTCGCTTGTGAA 
ACAAGCGAGACAGCGTGGTCTCTCG-3' (gB?!l#-§- 4 0) ^ e> * *) . Zfl £ 9ft* 5 

a±5ici9!W-*HTv^j**y ^^u*^K**i-t>o-e**. r©*y =f 

^7fc°V©/U-yiTC#&3fc©3;2;5' l^^K) irioT $ fcKSfcJgflsSitS (Hir 
aro.I. 5j, (1994) Necleic Acids Res. 22(4):576) 0 H18 9Bf3u P-15;ty=^ 
*i"*7-K «W»t4i) ©Efllfc, P-l5*5j;UfS-60-rt"v^y =rx*utf- 
f- KK#iI©ffi*tt^©&«£*1- *>©-?&£, ^$*iTV5P-15^y 

KKip*.-c, p-u^-y =fj?^ k (ga?ij#^-i 2 2 
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P-14d, ffi?iJ#-5§-8 0) x ftfetFW y^aSSrfto^iHfittMfSrfl^SP-M (P 
-14d P , E?iJ#-^8 1) ©#fi£Tfc*sr*5H«t>W*Lfc. 3' !)^«S*#f*P 

. P-I5^y rfjc^u^KoWSrtrF (±o«fit;A) SfcttlMET (Teffifi 
; B) tC^lt5S-60^Tlfy©MS6WSiSr*t'. 

V zl% $ KO^F#&T) -eWCleavaseCg&jgS) B N5* * WT— If tc.t 

13 8 9 CiC^^tlfc^tt, lmM MnCl 2 *3 i t^50inM K-?A'9 * — hSr^tflO 
M 1 C01X CFLPi$«i£'K 0.02/iM<DS-60, 0. 5 m MWInvader 
5? * V*=f- K&itfO. 01ng//i l<0Cleavase(g»iffi8l) B * U-7— J t?©#& 

A7S K, 20mM EDTA, 0.02%*^/WU h) 8 » 1 SrSPxSr fctJ; 9 

RJSfcfltJhStffc. St!|s|-Sr75 < C-e2^raJPfaLfc^-r<*lc N 7M^^SrSn^.fc45 
n*lM):*Jfc?&« (pH8.3) , 1.4mM EDTA(0ig»»5rffiV>T15%T^ y/WT5 K 
y/W (19: 1WKI (-i5«^*»5rffofc. 3CV^, ^/Hr> 505nm7-<^^ 

fc{feSrlS8 9Cl^t. 

tlx l/-^2{ittlnvader * U =f©^#&T _ Cfi 1 0 fcSJSK i t) #f> 

ftfcS*sP£*av i/-^3~6ivi{i, ^tb^ft, P-I4d. P-14dp, P-15*JJ;OT 
-15p Invader (ffig«) *y ^OffftT-efTofcR^tCi 0 
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|8 9CI^Jlfcf-^i^, P-15 Invader * !J =0* * Utf?- K 

fit, HSattOS^hfcll^iBCll--*, y#-*(P14d)$fctey >-$fty#- 
* (P14dp) <Dt*t,P)^^r-r-5P14 Invader * V dtp # Vitf- Ktt, 

HSrffiit-rSfcftfcH:. Invader *y =0** K©15»B 

mfeaivi t ic, pis^- y ^ K03' y vKS§r#ip-rs c t e 

W->2-C«»*iT,fcJ:54lnvader * P * V*^ H«MF 

#£Tl:i:i3«-<5HSh?*>9#a. 3" y VttS«rW-f-%5'9^WttInvader (fg« 

WitliBSA) #HS^0ftft*f±Hflitt<3' y vStSti^-g-l-Swt^-Ct 
5i iSr^-r5fc<D"C&S. Invader *P K**HBSIK 

±ia^§lfflL-fcW%tCiP^T, Invader (ffifl(4) * y =*X * K«M' * 

<Dik¥J&&%G-r ! bMffi1®lLtfyX (controlled pore glass, CPG)M*5 
P>(D^:CPG*JiiSHi, Glen Researchtt (*:?- y V;/ (Sterling), <7T—i?~ 
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$t 2 

Invader * 'J =f<D 3 ' H?«SJC*J ft <5 l£ffiliGQ«JF55 













A:S - ttttSW-SffittS 


y nv/'v 
Glen £l& # 20-2973-42 




' A:5 • iSfcW'> . <I0% 

o.4 - tsf±M(y i ^ J U/o 
C:l - SttK'> . <10% 
C:2- &tt#'> .-20% 
C:4- .-50% 
C:3 . <5% 


Glen filfi # 20-4090-42 




A:l - gl£K'> .-50%9l»fa{£^ffittW 


Glen * 20-2143-42 


# 


A:5* rSfcfc* ,-2X 


Glen * 20-2144-42 




A:5 - »(£«'> -33% &t± 


3* ncV-a 
Glen * 10-4010-90 




A:5- gttSc'> -50% Si£ 


3'' UTP- 


B 


A:5 - fife** . -40% Si* 


3*-3' 

Glcnfia B « ¥ 20-0002-01 




AM.- 9J»f3«tfcteJt«^9IHT^l/7t- 
C:3 - -25% iBtt 


Glen Sfi S 20^902-42 






3- TV^S CI 
Glen 2 20-^9 57-4 n 




C:3 - , -30% tt*te*>S£a*. 


3* f*W, 2'OH 
Glcns^ * 20-2104^2 




A:5 - »tW*<0% ett 
B:5 - S*£S£'J><20% Stfe 
B:3 - r£te#'> <20% St£ 
C:l -tWStt 

C:4 - ? fttttf*: 
C:3 -r&tt»'> -*0%isf£ 



A) Qeavase*) DV 

B) CleavascS BN w-t* 

C) /y« FEN-1 



ftft : 

!)4mM MnCU I50mM LiCl 
2) 4mM MnCU 50mM KG 
j) 7JmM MgCt,. -ffi'OL^tf 

4) 4mM MgCU. JOmM KG 

5) lOmM MgOAc. 50mM ICO 

Ztlb<Dy*-*frb, *S<D**SIM*«\ Invader ^=0**1" 
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tf-f - K©3' *4g±tC^o 3 r i ft < ffl ^ 3 £ £ 5 £ <t s fc>a>5 „ #3HJi 

<om*<ommmnsiac»^x. znxsttvimtimtt* invader oats*) *y 



0>flF**«ri*ft5fc»K:, *fcttlnvader (fiff*) :*y =T* * U*^- K&Jtf 

o 

der as&g) *y=f5c^u^K#saw#a"e*>5. 

IU£fl|3 7 

Invader (Kg*) frfrfflSK: -t 5 5 =:/n-:/©BM|fc*tf S/o-^Sg^ 

*«©*$©&/<£53IiR©0t|i:^ 17 6^©8bp*Jj;tJ«12bp-«iHi«OCleBva 
se(glij8j#) B N* 9 IsT— if t MjaFEN-lJ* y UT—tfBHgWJfclfcfcl&^-C j?,e> 
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gic^#£;ft<£o 5 ^^n-^sjD-f^^c/N-Y -&—i/a l/L^o 



tttf- V dt* ? Kilrf- K (^-y^l35, ga?U## 9 8 ) *5 J:tfx* ydfy^y 
'^?Vtf K (tP^14 7, 3 4) ©ffi#£l00nM, frktMllOO 

pM ssM13 DNA^ttt 5, 10 /i 1 ©lOmM HEPES (pH7.2) , 250mM KGlu, 4mM 
MnCl 2 «f»-T?fTofc„ HJ6feSr.«S?ftT-*3*5oT, 90t:r*15^HJPl^b, ^V>T*RJC£? 
SSlCUfc. 35^, 40t:, 45^ 50^, 55^, 60=0*3 i X$%tfC X'ftotz 

. 1 H 1 ©lOOng/jtl Pfu FEN-l*i«tU:i n 1 ©«>!r©«g©C y 

3 $118142 5 -^p-?^ ^%9Uir?'Y (gS?iJ#-^-9 7) £;!JD;L5 r i tCfc 
cti^Jtfc. SlS^lNf^oT, lO/i 1 ©*/VA7^t K£;bD;t3£ i: 
KJ:9£JS£{?ifc$tffco #£j£$>©ifi^i:©4#©l£, 20%*^14# !J T * 
U/KTS K^iJdn-x-f V^U 52*TR)lC«^iti$^:fc 0 585nm 
7-f/V^-^5B4FMB I O-100S*^^-y?--^ffiLTffil:'ft;Lfc o 
=S-efe^^K©^*SrS!l^L, [119 1 (^Lfc^7 7^>f^ny7 hi^t/u 

lU&Kifc $ h fc*T;Kft rfctt, * * y y * v*<f- K©#4^y D 
©£»gT-© 5 ~^n-:/©iMat^*&£J£#£&tf-t-i:^ 5 
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mmM3 8 

Cleavase(S»j85IS) A/G;** WT-tftf>M§tf§tt£$c^Si* -5 Invader (f&^ 
£) *}) =0*^ Kt»© 5 ^ 



Kfcfc^TH:, ^f/VSWii t W/N^f / y ^ f - '> a V Srff 5 Invade 

Cleavase(S«ffi«S)A/G5t^ur— tf^Invader T -yt^f (CfeV 

■C^a-^P^^U^KSrMSiraieAKJsWS, Invader * 

fc„ WI*P=f5t^U'*^KIT-2 0E?B»*12 3) 0>M8S\ Invader (ffifll 
*P =*3** (E3WJ-1 2 4) *J±OTT-1A4 (6d?lJ#^l 2 5 

) ©ffftT-Cffcfc. Utf^-RIT-Hi, rr-2»3'T-Ai55£»Cl!*t 

«n?*>0» *yrf>t^U*^KlT-lA4tt, 3'5|di*»6>4*B©tt«ltT-» 

Ag&Sr^LT&f?, Invader (|&«f£) IWlii>fK:A/A5 77 ? f *4 
££-£•5. TyfjSit; 5 ^vy ^Invader * y ^3? ^ Hf4> 

y V^LfcIT-lA45r^-rEIT-fo.5» 
Sf&ttTIBrotfe^frtTofco 5' *SS8^77V^-Hr^V (Integrated DNA Tech 
nologies)-C£«§*lfcl*fba-y KIT-2 (0. 1/tM) Cleavase( 

S»ffiSI)AGSr0.26ng/M lT?iDx.fc, 4 mM MgCl 2 £"£trCFLP(g®:jSSI)i$» 
#?10/i 1 i fcttC 1 nM IT-l*fcmT-lA40#feT'Cs 40 , CtriO^WW V 
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15m l©Chill-0ut(««iaiD«#!7y^^-eJ8*iofc. #ik$«$ (95%* A* 
A7S K, 20mM EDTA, 0. 02% * <?>W U * \s v Y) 4 u 1 4r*Dx.5Cl tJ-J: 9 

x 505nm7^/P^-Srffix.feFMB I 0-100®&777--l'lF- (Bit) T?##fL 

H9 3I^*3VNT, W-yHiHt»JH«r^r**V^|»*»b#b*ifc*»^**b 



■C»9, *RHBlT-2*y =f©«Hb^R«*n ; W-V2~4iCtt, ttfJl, In 
vadar(iWW&):i*!>=i«r£**^Rj£:» IT-1 Invader(i&gf£);*-y =ffc£tr££ 
\ *5itfIT-lA4 Invader(j8WB)*j;='*r^tfK**»fe»bii^S*^**vC 

HJfefll3 9 

Invader 0S«£)KJSK:*J»t5Pfu FEN-1J*:? 1^7— €*3 JclBlja FEN-l*^ W7 

Invader(^i&)S^J-*3(t-5Pfu FEN-13* ^ ^7— t?*J it«lja FEN-1** W 
T-1?©flH£«rJfc<8i-afc«>lC» TEoH^^tTOfc. Invader-«lffj^7 fcf ^* 
ifi^r^jft U"Cv ^ S Wlk^- y =** * v*?- KITS 0EJH#*14 5) , &J;tf5'* 
J&dS IHr^y (Integrated DNA Technologies) 'C^a^tVfcT'n— ^ y 

* U;*-?- KPR1 (IH^i#-^l 2 7) £\ Pfu FEN-1? * W7~ lf£fcl*Mja FE 
N-l** U7— tf<D^*>fe*»*fflV>SInvBder(ffi«*)7 s/ir^iC^ffl Lfc„ 

7yir^H:, TlBtf>i*5?> KfT-afc. Pfu FEN-1 (13ng/;t 1) *5£tfMja FEN 
-1 (10ng//i 1) mMW2 8\ztEML1t£.?\zl,XmMV1Zi><0) £\ IT3 (0 
.InM) *5«fct«>Rl (2S3J;^5mM) 5rJPx.fclOM 1 CFLP(g»j8iS)ig»#e, 4m 
M MgCl 2 , 20mg/u>l t RNAitfct, 55XHZX41ftffl-< h Lfc„ IS 
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3g£BSCfc*lc, tttt*15/i 1 ©Chill-Out (a»lffi«)IWBaWfJi-e*i33ofc. 
W±&ffM (95%*/WAT5 Ks 20mM EDTA, 0.02%^f;WW^1^2' h) 70n 
1 5rJPx.5r t lei !?Rj££f?-ik£*fc 0 SlSS^i ( 1 m 1 ) *20%£\ttfy r 

. [§]i|fc3£g (turnover rate) ±tW» Lfc«;W©«-j& 
£ttl*5tt5$0* * 1/7- ^(COV^CD^©T(C^-r„ 



Hlfc«l3 3K33V^ Invader (MMUflHHMK&telSV^-CPfu FEK-l«Ji«f 
HfiJt?U7-*tf^6t, CleavaseMj8»)A/GfcffiV^.J:*> fc£4MI 

±znzm&<D&&¥®ffi5o%mttzz. btmwzti* pfu fen-i** w- 

iffcljOPXLT, Mja FEN-13**W~ f?tt, *3BW©*jfe|ti SMHWOttllllC 
*f LT$J* L v^«3M**W5C * ^7~t? -Cfc 5 1 v^ p d t #|HIJ 

$114*4 0 

±&©M13DNA&tt&ft©&ffl©IS;W;:, &JKM2 OlC|BfW>HCVR*RNA 
E^JSrftWI- 5 i. 5 fc 5 - * y #-3R«rRtr Lfc„ * @&<0* $ © 

fc. y !> =^42-168-1) tt, BB^J5' -TET-CCGGTCGTCCTGG-3 

Utf^K Ot!) ^32-085) ii, BB?!J5' -CAATTCCGGTGTACTACCGGTTCC-3' (6B?lJ#-f- 
9 6) ^^y*-t#fflL/£V>m^€V^n-^ •) ^42-088) 

tt, BB?U5' -TET-CCGGTCGTCCTGGCAA-3' (SB?lJ#^-9 4) W^W^n — 

:/ £ flfffl bfclnvader^" !) 3% 9 Ktt, BS^lJ 5 ' -GTTTATCCAAGAAAGGACCCGGT 

C-3' (m?m%-5 8) S^fr-fS, &J&tex 150mM LiCl, 4mM MnCl 2> ^*L-?;frO. 
05% ©Tween-20*3i tftgp-40, t£bUHZ29a-~ v h©RNAsin (Promega) £\ pH6. 
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5tf>10mM WSlZ.Mz_tc1&ffimO u 1 f-?, 50fmoleG9$l$RNA, lOpmoleCOInvad 
er^-U Virf K, :J3«fctf5pmole©i- -:/n-:/:*y K&ffl^ 

„ iftp>cDj&#£jn? x chiiiout aw^y ^--c«v\ sots-can 

i&U 5 jH!;^ t?a.= y h<DDNAPTthSr^-t-5- t RJ^SrP^b, 
^KJES^SfSrlOjiltLfc. 5tffc-e30#|l!8fflS*fc«, 8*i 1©95%*A'AT 
$ K (lOmM EDTA*J < ttW.02%^f-ywW5M^S' b£r£tf) 5r^Pt"S - t i 



fcUl, 45mMhy^-#U-hig»M (pH8.3, 1. 4mM 
EDTASr^tr) «ffc*iV^T7llRSB*-&tr20%aEtt*yT^!>/ur5 K (19:1SB« 
) t^-LT, 0, £ft&©*£0&*2.5Ml*$H*U JEfc, FMBI 

0-10(K y-S?T-^?-f f- (Hitachi) Sr/fil^T, *«Ht * »TS 

129 5|;::}oV>-C, yi*Jit^2H N Invader:*" y uir^ K*5«fcl*g: 

VV/a-:/ (^-y =T42-088) Z^ttRfcomi®)*, *;ft,m«llftRNA##£L. 

vader^-y =t%t K*5<fctflS^7 P £i-7' & V ^42-168-1) S^tpS/Stf) 

EfcSrvLT^S. >3fi, *«jRNAiP#fiL4v^flllSJS:T?fc9, 

icftv^ (16nt) ^n-T'tf-y ^5t^P'5i-^K^8i«>T5StglCMS$^fc 0 
tt»JHttfc, ©^n-y (l3nt) fcfflT-TIB* u^/MDHSSSrfr 5 fcifrfctt 
, X^y^-^y K»#*^g-c& 0 fc 0 -ftbO^-^ii, In 

vaderfgftttMgUU: t)«W&tfett>-f 3 5 = 7" n- PCi 9lCRNAi3 
±t*DNA«tt©fcHifcaH^*S£fc&*LTV*3. JEHU **s>#-*y=* 
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UlSflU 1 

E70ttFEN-l, XPG, &&XMS)*47<D%t \s7-V<0*ft?h>$m$:^tsm 



Methanococcus Jannaschii©FEN-l^ V/-?^R(MJAFEN1. PRO), Pyrococcus fur 
iosus FEN-l^>'^•?i?K(PFUFENl.PR0)?rll70^OT7^^>-^^^:^LTV^5 o rft 

fltii (« x. HTH71 *#JH* i) *J i tfft AVmm. (« *. (4030 flR-fr i ) fc*t -f S 

. mb©ttK^F-tiaS«29eJcBBUfc*ft-ejlMliUfc. 

ilPfu FEN-HCi5MSSr^U '2't|SUfcl/->-f4MajFEN-llcJ;5HS^ 

-To 
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M. jannaschii^it/P. furiosusW5' ? ^ UT— ££Gr?-!&»b3M 7%t ^7 



a) M. jannaschii©N5t?SSgl5^*3j;tFP.furiosus<DC5|5ffigB5>S:3 KV84©& 
jnHS^Stffc** 75' * * UT-i?©flHB <B97g) 

M. jannaschii©5* j* 7 ifjte^£^t?pTrc99A^7 ©W)t£> TrcFw 
dy7^^-(Sa?iJ##135)*J«tt«)25-141-027°7^-T-(ga?!l#-S-136) 5 
fc'a^/W (pmole) 50yl©KJ&$i:U Advantagc™cDNA PCRdry KClon 

etech)£ffl<^-C\ 30*^^^(92^301^^, 55t> 1 72^ 1 ^^)cOPCR"Cii 

ffiU N5ldB*r3-^S3tem(f>i-0E?l#*137)«:ffj«Ufc. P.furiosusCD 
»e^£^t?pTrc99A<D#r>T-£:, Trc RevT^ ^— (gE?"J#-§-138) *J £1*025-141 
-01^9W^- (EW#-f-139)Srfflv^*BU, C5f?ffi£=i- K-f3 
ga?!l#-8-140) Lfc PCRM^High Pure PCR Product Purification^ v 

V (Boehringer Mannheim, K-f SO SrfflV>T* y r-$}3g#©7 ,> n h 3-/K:Io 

TlSKU 100/»l©*Kl*HJ3*fc. 

025-141-027*7 -f-v— (E?IJ#^136) *5 £ 0025-141-01 7° 7 (BE?iJ#^13 
9)14, fcSV^teStfcrCifc ±E-Cfffe*T/fcPCR»^B:-*©5yaKtt» 
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}«fc£*U ftV^-C^jfB^y^^— O^T. r©«^f±TrcFwd(E^JS*135)teJ: 
tfTtcRev(BW##138)^ 

W/7^"7-^Mtl5k'3^ ±5£<£>Advantage™cDNA PGR*? KC1 
onetech)^fflV^T50Ml^PCRS^ , t , ^cJP^fco 7»4>«r=i— K+S«*( 
EJiJ#-&141<O45-1067C(i[Bi-5) Sr^tr^£fi©PCRS*(E^J#*141) «rl%T 
^n-^y/p-e^Jp^ft^ffiSrffi^T^fiiL, GenecleanIIKit(Bio 101, Vista 
, CA)£fflV>TlWfitLfco *8IUfc»fr&NcoIfccfcOTstI©JIS»^"e§I»ftpTr 

b) ?.f\xriosus(DN^^^^m.ja^naschii<DC^U^^ KV84CD& 

S 



P. furiosustf>5' 3* ^ tf»e^£^frpTrc99A^ * — OtSWSr, TrcFwd 

^-(E#l##135):|3j:^ 5 b° 

±»*>#«fcfc«oT, PCR^*tN*48Sr=i-Kr53te^Wfr( 
E?!l##142) Srffr* Lfco M. Jaimaschii<D»4^££tfpTrc99A-<* CDBfJf 
Sr. Trc Rev:/9^-(E^J#^138):fc£^^ 

)*r«V^T**U C*S^^-K1-^aei L »fJt(BE?iJ#-^l43)^^Lfc 0 Rfr 

C045-1025O^tf) 5r^tf-OCO®f^(|B?IJS^144) fc#jfc**fc 0 -<£>3r^ 7l 
fc^-£rNco I *5 iOTst I T*^^LpTrc99A-<^^--4 , ^±^(Oa)0^^'9 * n — 

c) P. furiosusON^ffigP^ jannaschii<^C*«$B^?:^ K^114<£> 
4i«"Cg^**fc*^ 95' J* * UT— if <7>«^(@97e) 

pTrcPfuHis:/?*^ K<D»WfS:, TrcFwd^y^ ^-(|B^J##135)*> <ttK)25-l 
64-047*9 ^-(SB^J#^146)££* 5 tra^fflV^. ±3*(Oi:*3 9PCR"Cii 
■ U N*«SSr=x-K1-5ae^WrK-(Bay«#^l45)Sr^Ufc 0 pTrcPfuHis^ 
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7*^ Ktt. pTrc99-PFFFENI(*iS0lj28tC|S«)?r, »»IC«£-©&V\1: 5 Kit* 
/HSrf**D-*-5fc»l^ e^CDt^^^^aS^a-K-rSSB^JSr^ P Trc99-PFFFE 

£pTrcPfuHisi£ttttfcc, 

pTrcMjaHisT 6 ?* 5 K©WJt«ri|MILC*»Sr=»- K-*-*3tfiff ©BrK- (E?0 
#■§•147) £rg£ 5 fc» fc» 159-006-01 7° 7 -f (I2?«#-S§-148) *3 i 1/025-1 
64-07^7 ^^-(£^#-§149)4:, ±|Sa)ld|B«©t*J (Jffl^fc. pTrcMjaHisT* 
7*5 Kli P Trc99-MJFENl(H^j28^fa«fe)t^ IfSi^lP-a© pl^fc-^T^ 

Sr^tSD-f-Sfc^JcH:, 6 m<D t ^^yjgffita- K+aE2W«r, P Trc99-MJFEN 
lWft«cDT5/^<D3 K^Sra-Kf KvtroH(c#A 



jaHist^ttttfc. U TrcFwd7°7-f-^-(E^J#-§-135)*3.tm59-00 

6-oi7 o 7'T-v-(ga^j#-§i48) tm^xpcRX'Mm-rzz t K£vxm&4tt*t* 

7«£T-(45-1043CD&e) ^^tf-O©®fK-(E?"J##150) t Lfc. r. ©*p< 
7«£^-£Nco I JoiWst I Ttwm U P Trc99A-<^ Jbi£tf>a) fcBft© 

d) M. JannaschiicDN*iffi§i5^-*3i^P.furiosusOC**gS|5^-5r3 KV148W& 
■"CSHS-Stffc** 95' VT—tf©«MB(H97d) 

TrcFwdT*? -l" -r— (E?lJ#-§-135) & i #025-119-057*7 >T (SB?"J#-§152) £ 
ffl^T, M. Jannaschii£>5' ^ ^ ifae^fc^OpTrcOOA^;? V—n^Yx*. 
±3iE(Ot*5»)PCRT-li*@L, N5fcjffi£:=- Ki-S«ftf K>fr<E?»*151)«r^* 
Lfc„ TrcRev7*7 -f ^- (SB?lJ##138) *S i #025-119-047*7 (ga^JS-8"15 
4)«rfl§VvT\ P.furiosusa^Sr«FOpTrc99A-<^^-W»rjtS:lii|>ib, C**g 
Sr a- Ki-S«e^Wf^-.(ffi?!l##153) Srtffifc Lfc. W^^iiEw & *S 9 MM L 
% TrcFwd7*7 -fT- (BB?IJ#-S§-135) *3 <fc #TrcRev7 0 7'f (gE?IJ#-§138) 1/ > 
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TPCR-0««1-5 r t (C J; o Tjfi*^**, 9 Jtfi* (45-1067£>ft«) «r£tr 
-o<0|tfjf (R^J#-£l55) t Lfco ro*^ 9»etfF-SrNco I teitfPst I ^fSr 
U pTrc99A^^^ — 4>fc±3*Oa)KE*Oti39 ^P-Wktfco 

e) P.furiosusON^ffi^^iU^JannaschiicoC*®^*^ K^148© 
ftBT^^fc^yS';** UT— tf<0«*(H97c) 

pTrcPfuHisZ/y*^ KO»rJt£, TrcFwd^ , y^^-(E^J#-8*135)*3<}; #025-1 
19-05:/ 9 >f (Efll##152) Srffl ^T±3£<0 t *3 9 PCR-?if <f U N*«£r 
-Ki"5iieT'^(ga?lJS^156)5r^LfCo pTrcMjaHis^^^^ KO»fJtSr 

rcRev^^ -f <e#l##138) & <fc 1^025-119-04^7^ (BB?lJ#^154) 
V>fc„ »f^*S:±je<Of:*3D»l4U TrcFwd:/?-* -v-(E^I#^135)*3j:OTrcRe 
y^fy^f "V — (E?0##138) Srffi V ^PCR^itiHf £ ^(Uo Tft^fc*, * 
* 7 (45-1025(D<4«) £^fr-Otf)®rtf (E?U#^158) t Lfco - 



(O^^ae^SrNcoISSiWstl-eeJBfL, P Trc99A^*-*lC±j$<£>a) 

f) **y(Dm$Ltmm 

±1B<£>3r^ 9g£S(£> P. furiosus-M. jannaschii#^^-CS-a ^ V h ^ 

Jfi^fc*jfe"e3»S4bfco t X<f**?l/&9 ^UfcP. furiosus-M. jannaschii^ K>1 
14*7* 9 tt> Taq Pol I <£>5' * * UT-H "f VBNt£OV^^^fc;fr&^i|#S{ 

ttH98AK*"t'o ^oBTfi, H98A-e*-l**3«tt/*2*4:IELfcu— isttfl^tl 
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mW*&m-t?>Z.tlc3:<0 7]i£tlZ>o f97fj tELfcl/- l/f*P. furiosi! 

s<Z>N**&*iJ;tfM. jannaschii©C*ffi5r=i KV84T*8^£-frfc3M 95' ^i? U 

97c*3 X tf&OPfu FEN- If 3: r ©f*»-CB:li £ A, £Mg»ffitt&^ $ #V ^) . 

fos vmi if*> bom t hm<» <f Hisstt <■*-£*> 

*>*R«rJ*tt) 5 5 £ t LTi/^„ 

£*ife0>S*tt, ymm**)) i^/V©(1-ft;fc>*>IH-S©>M. jannaschii 
*JiW>. furiosus5' UT— t?*ttffitt*S.J: 3 - ££^LT^ 



5, 

±J§«©16S rRNAjte^i-**1-5PCR-eiitiLfc-ir^p« V h£CFLP™#*f b 
fco >ia0©16S rRNAjte-^tt*«E»S:)iliT^I:Lrj4V»5^, r jUk^F- 

i: LT*ffi016S E. coli rrsEae^ s #«^tbT^5(gH?lJ##165) 0 ^*T^© 
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til t> o T - t OrRNAga^J <D±X K O V ^ ^otfe< ^ ittWStfeS (B 
row?), J. Clin. Microbiol. , 34: 3 129 [1996] 

*HtSWI"e«L, 1638:/5>r (5* -AGAGTTTGATCCTGGCTCAG-3 , ) (ffi#|#*174)/ 
TET-16597 P 7 4 (5' -CTGCTGCCTCCCGTAGGAGT-3 5 ) (ffi^J#-^175) fl^T * 
»H0-l57:H7(ATCC#43895)^63K1-5^y ADNA*>e>#fcrrs E<7>$J350bp£>»r)T* 
fcWIt-afcftKJB^fco PCRRlSjftH:, 100/2 l<0£S«f»fc, 10mM<PTris-HCl(25 
ICCpHS. 3), 50mM KC1, 1. 5mM MgCl 2 , 0. 001%w/vif &60rz Mf OGQdGTP, 

dATP, dTTP, *5 itMCTP, ^T^^-Sr 1 zz Mfo, 25n g y/ i»DNA, *5<t^2. 5 
My hOAmpliTaq DNA4?U 5-1?, LD£^rT5 0 DNA*K U ^ 9~<WH4ll 

y/Am***ftV^j»OR««t>Rl6:$*fc 0 95t:30#[W ; 60^ 1 

#Ffl ; 72 < C30#WC30^-Y */HfV\ 



mfiiM^vfciNtfc^ PCRjg^^^cMUco^^y^^i/T— If I (Exol, 
Amersham) XtUM LT 1 ^m<OU^T >7V * y*d£lfi7y 4 SrBfcS Lfc 0 

h©ExoI*K^PCRa-a*JC«*nU *^^Sr3rC20^W^^*» 
^Hfc, #^T\ *<05?^UT— **70tl5^ttJlft^SrtK<t9^S{tL 
fco J RJS^«Sr2McONH 4 0Ac(cin^v 100%^:^ /-^S:*»iPiTDNAS:it«* 

IX CFLP™^^^r — (10mM MOPS, pH7. 5;Tween 20iNP-40£^*L^;K0. 5%) 
^<tlK).2mM MnCl 2 Sr^L«*10Mli: LfctO60+iCl/z 1(DTET^PCRS^( 
m0Q7 = *h*A' (fmole) ) &^tf bfc c 
Sr^ff-C9Ml^*Si5^Ufc 0 RlSHt, 95tJ15£|BMMI&U SStiCftSPU 
W»SJ6B:50ng^)»*SraaPi-5 £ t Id i 9 55*;-? 2 #ffi£J&£ * 

95%*/^T^ K, lOmM EDTA^o J: tfO. 02% ^ 7vW*>f ^ U 5/ h£^trfg 
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RJtMmZ85tV2ftffitomU &^T-45mM Tris-*?&ig,pH8.3, 1.4mM ED 
U<Ds< v V 7 — 'P I- 7 Mgciif &JP k.tc i> <D 1/ >T 10%^ttJK !J T ^ 'J iVT 5 K 
^(Wil^n* y ^)-C*«M&ftLT#j|?U FMBIO-100 Image Analyzer(Hit 



-C(i#^-(b(-ffi^^^^(±^l/-V^^±gP^^^HT^S„ Cleavase* BN Co 

W^Sr^ LT V ^ # , -*dr ^ y 3* ? \sT — tf K i 5 ^ftfiig97ro ?4 T if 7 



ss^^gfu^v^,, mmit^Mt, ^ix-fiMgci^^r^^-c^pfu fen-i$ 

Hl£0i|43 



7 Afu, Pfu, Mth J: fj Mja FEN-ls, Ckavase® BN, Taq DN & £> IZ 
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9 , SK25-65-l(5' -y/V*U±4 >^TTTCGCTGTCT(XOTGAMG(XAGACA(X^GTTT-3 ' ; 
BM##176)J45'T— Aft^S^TA^^JST*)?), S'T-AOS'^Jgf* 
7/U*U-fe-<>'T«l«l*ixTV^5o Hl07^/WBK*1-i:*5 9, SK25-184-5( 
^-^-«0*irK»fflSK) (5' -7JU*ls-Z4 yTTTTCGCTGTCTCGCTGAAAGCG 
AGACAG^AMGACGCTCGTGAMCGAGtXTOTTG-S' ;B7D##177) Mr^f yc« 

OffMSK,10nH MOPS, pH7. 5,0. 05%TWEEN 20, 0.05% NP-40, 20Mg/ml tRNA(S 
igma,#R-5636)ftbtN£2mM MgCl 2 t> L < ft 2mM MnCl 2 £^ti\, *5 <fc If 2 ffi 
O»>r*^*JP*.i'lC10M lO^tt*90t"T?15»IWJP*U, 

vfc«HWLTfifc*Mte$*fc 0 >fV*a^S/9^»|IIIttl»4»-6l*IB-*'r 

v*a^-i/a y*fc||S**t5i5fcH»bfco 10 m 10>95%*A' AT 5 K, 2 
OmM EDTA, * <?/W< 



^TS K^/V±-e«SC*»S*, FMBI0 100^ (Hitachi) -e^^-WUfc 

o 

, KC1£ OmM^P)200niMt. L< t4^W14ro^-C«400mM(C^bS 



■ttfc. a**fr*«-fc*-»S*BI«i, Cleavase® BN fci:t>*FEN-l »*T?0£JS 

aEtfc50mM KCl^^m-4mM MgCl 2 t L< ttMnCl 2 £"£W$*-rfTo7t, Taq DN 
joimth DN-C(Djaft^#€r^x.-5H»l*200ii4l KClfcfclN^mM MgCl 2 t>L< 



100-106 tr^-T. ID 100 f£ Clcavase® BN Oilfe/pU, @ 101 {£ 
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Taq DN©*!*, El02ttTth DNcD^* x 01O3l±Pfu FEN-1©S£*, El04l4Mja FE 
N-1CD^, Sl05l4Afu FEN-l©j(S*x 01O6fiMth FEN-l£0^*$r^-f o Zfrtb 

©@©* <D&s<*;i'X-tmm&mt 1 &htz o oimsH-hit *> ©ms-?£«£ 

ftT^S. 'IT*tEbfc^^tt25-184-5«jg(ga?iJ#^177;@107B)OHSSr^ 
U ^tlttW^-y-^-y ■^/««nJNA*Bftt»*fct>0't?*)5» 'hairpin' £ 
IBLfc/^H425-65-l#5g(E^J#^176;[gi07A)roMS5r^L, -tfttttfrUS 

♦SrtKJt^fctJsO 2mM MnCl 2 *IJ:tm*»Sr**ia:iO»**rB«0 4:i89 
^IS$*fcSJiS^Ojg*Sr^L, ; ^/UC te&JCPfci&^tz tio <0 2mM MgCl 2 *5 

U ; ^yWDtofcfctfc&^fcifcfl 2mM lhCl 2 fe<J;U^.T f^SK^^KCl 

iis 5 »b**fcRlS«©iB*«r*b ; /<*/WEtt#2:>t» 
tcb&<0 ITS«£^MgCl 2 ©8«£fE&© t $5 <0 «flsS*fcRj£tt©*S*** 
U ; ^/WFf4*X*lC^fci*39ITS®^^MnCl 2 <DSg^iatt(Di:*5|9 



$©>&*£^ L ; ^/PH{4*^Ctfl^-<fc fc 43 9 ^7 fVgRSr^MnCl,;© 



Mja FEN-1, Mth FEN-1 *J <£ Cleavase® BN)tj b < (i 200 mM KCl(Taq DN £ t>' 



tt#:£*J£3£^fci:fc*>ITgft4iiiM MnCl 2 , fciUSOmM KC1 (Afu FEN-1, Pfu 



FEN-1, Mja FEN-1, Mth FEN-1 J: tf Cleavase® BN)t U < li 200 mM KCl(Taq DN 

P>©.ia© 5 *>©</">< -od>(#!x.tf 101, 102, 103, *3 fi±fB©^*A'A-J©£ 
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(Invader™-directed) MSKj&te, ESSttWT y-fe-f ©f(|£(0!l*.tfj£* 
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mP\<n&$ : 2506 J&Stt 

: r*» 

@g?ij0;ff US : DNA(genomic) 



ATGAGGGGGA 


TGCTGCCCCT 


CTTTGAGCCC AAGGGCCGGG TCCTCCTGGT 


GGACGGCCAC 


60 


CACCTGGCCT 


ACCGCACCTT 


CCACGCCCTG AAGGG CCTCA CCACCAGCCG 


GGGGGAGCCG 


12 0 


GTGCAGGCGG 


TCTACGGCTT 


CGCCAAGAGC CTCCTCAAGG CCCTCAAGGA 


GGACGGGGAC 


180 


GCGGTGATCG 


TGGTCTTTGA 


CGCCAAGGCC CCCTCCTTCC GCCACGAGGC 


CTACGGGGGG 


240 


TACAAGGCGG 


GCCGGGCCCC 


CACGCCGGAG GACTTTCCCC GGCAACTCGC 


CCTCATCAAG 


300 


GAGCTGGTGG 


ACCTCCTGGG 


GCTGGCGCGC CTCGAGGTCC CGGGCTACCA 


GGCGGACGAC 


3 6 0 


GTCCTGGCCA 


GCCTGGCCAA 


GAAGGCGGAA AAGGAGGGCT ACGAGGTCCG 


CATCCTCACC 


a ^ n 
4 2 0 


GCCGACAAAG 


ACCTTTACCA 


GCTCCTTTCC GACCGCATCC ACGTCCTCCA 


CCCCGAGGGG 


4 8 0 


TACCTCATCA 


CCCCGGCCTG 


GCTTTGGGAA AAGTACGGCC TGAGGCCCGA 


CCAGTGGGCC 


C A Cl 


GACTACCGGG 


CCCTGACCGG 


GGACGAGTCC GACAACCTTC CCGGGGTCAA GGGCATCGGG 


£ n a 


GAGAAGACGG 


CGAGGAAGCT 


T CTGG AGGAG TGGGGGAGCC TGGAAGCCCT 


CCTCAAGAAC 


660 


CTGGACCGGC 


TGAAGCCCGC 


CATCCGGGAG AAGATCCTGG CCCACATGGA 


CGATCTGAAG 


720 


CTCTCCTGGG ACCTGGCCAA 


GGTGCGCACC GAGCTGCCCC TGGAGGTGGA 


CTTCGCCAAA 


7B0 


AGGCGGGAGC 


CCGACCGGGA 


GAGGCTTAGG GCCTTTCTGG AGAGGCTTGA 


GTTTGGCAGC 


840 


CTCCTCCACG 


AGTTCGGCCT 


TCTGGAAAGC CCCAAGGCCC TGGAGGAGGC 


CCCCTGGCCC 


900 


CCGCCGGAAG 


GGGCCTTCGT 


GGGCTTTGTG CTTTCCCGCA AGGAGCCCAT 


GTGGGCCGAT 


960 


CTTCTGGCCC 


TGGCCGCCGC 


CAGGGGGGGC CGGGTCCACC GGGCCCCCGA GCCTTATAAA 


1020 


GCCCTCAGGG 


ACCTGAAGGA 


GGCGCGGGGG CTTCTCGCCA AAGACCTGAG 


CGTTCTGGCC 


1080 


CTGAGGGAAG 


GCCTTGGCCT 


CCCGGCCGGC GACGACCCCA TGCTCCTCGC 


CTACCTCCTG 


1140 


GACCCTTCCA 


ACACCACCCC 


CGAGGGGGTG GCCCGGCGCT ACGGCGGGGA G7GGACGGAG 


1200 


GAGGCGGGGG 


AGCGGGCCGC 


CCTTTCCGAG AGGCTCTTCG CCAACCTGTG 


GGGGAGGCTT 


1260 


GAGGGGGAGG 


AGAGGCTCCT 


TTGGCTTTAC CGGGAGGTGG AGAGGCCCCT 


TTCCGCTGTC 


1320 


CTGGCCCACA 


TGGAGGCCAC 


GGGGGTGCGC CTGGAGGTGG CCTATCTCAG 


GGCCTTGTCC 


13B0 


CTGGAGGTGG 


CCGAGGAGAT 


CGCCCGCCTC GAGGCCGAGG TCTTCCGCCT 


GGCCGGCCAC 


1440 


CCCTTCAACC 


TCAACTCCCG 


GGACCAGCTG GAAAGGGTCC TCTTTGACGA 


GCTAGGGCTT 


1500 
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CCCGCCATCG 


GCAAGACGGA 


GAAGACCGGC 


AAGCGCTCCA 


CCAGCGCCGC 


CGTCCTGGAG 


1560 


GCCCTCCGCG 


AGGCCCACCC 


CATCGTGGAG 


AAGATCCTGC 


AGTACCGGGA 


GCTCACCAAG 


1620 


CTGAAGAGCA 


C CTACATTG A 


CCCCTTGCCG 


GACCTCATCC 


ACCCCAGGAC 


GGGCCGCCTC 


1680 


CACACCCGCT 


TCAACCAGAC 


GGCCACGGCC 


ACGGGCAGGC 


TAAGTAGCTC 


CGATCCCAAC 


1740 


CTCCAGAACA 


TCCCCGTCCG 


CACCCCGCTT 


GGGCAGAGGA 


TCCGCCGGGC 


CTTCATCGCC 


1800 


GAGGAGGGGT 


GGCTATTGGT 


GGCCCTGGAC 


TA7AGCCAGA 


TAGAGCTCAG 


GGTGCTGGCC 


1860 


CACCTCTCCG 


GCGACGAGAA 


CCTGATCCGG 


GTCTTCCAGG 


AGGGGCGGGA 


CATCCACACG 


1920 


GAGACCGCCA 


GCTGGATGTT 


CGGCGTCCCC 


CGGGAGGCCG 


TGGACCCCCT 


GATGCGCCGG 


1980 


GCGGCCAAGA 


CCATCAACTT 


CGGGGTCCTC 


TACGGCATGT 


CGGCCCACCG 


CCTCTCCCAG 


2040 


GAGCTAGCCA 


TCCCTTACGA 


GGAGGCCCAG 


GCCTTCATTG 


AGCGCTACTT 


TCAGAGCTTC 


2100 


CCCAAGGTGC 


GGGCCTGGAT 


TG&GAAGACC 


CTGGAGGAGG 


GCAGGAGGCG 


GGGGTACGTG 


2160 


GAGACCCTCT 


TCGGCCGCCG 


CCGCTACGTG 


CCAGACCTAG 


AGGCCCGGGT 


GAAGAGCGTG 


2220 


CGGGAGGCGG 


CCGAGCGCAT 


GGCCTTCAAC 


ATGCCCGTCC 


AGGGCACCGC 


CGCCGACCTC 


22Bf) 


ATGAAGCTGG 


CTATGGTGAA 


GCTCTTCCCC 


AGGCTGGAGG 


AAATGGGGGC 


CAGGATGCTC 


2340 


CTTCAGGTCC 


ACGACGAGCT 


GGTCCTCGAG 


GCCCCAAAAG 


AGAGGGCGGA 


GGCCGTGGCC 


2400 


CGGCTGGCCA 


AGGAGGTCAT 


GGAGGGGGTG 


TATCCCCTGG 


CCGTGCCCCT GGAGGTGGAG 


2460 


GTGGGGATAG 


GGGAGGACTG 


GCTCTCCGCC 


AAGGAGTGAT 


ACCACC 




2506 



SS^iJU-t : 2 
Ky>J0*£ : 2496 

E^JCfiS : DNA(genomic) 
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ATGGCGATGC 


TTCCCCTCTT 


TGAGCCCAAA 


GGCCGCGTGC TCCTGGTGGA 


CGGCCACCAC 


60 


CTGGCCTACC 


GCACCTTCTT 


TGCCCTCAAG 


GGCCTCACCA CCAGCCGCGG 


CGAACCCGTT 


120 


CAGGCGGTC7 


ACGGCTTCGC 


CAAAAGCCTC 


CTCAAGGCCC TGAAGGAGGA 


CGGGGACGTG 


1B0 


CTGGTGGTGG 


7CTTTGACGC 


CAAGGCCCCC 


TCCTTCCGCC ACGAGGCCTA 


CGAGGCCTAC 


240 


AAGGCGGGCC 


GGGCCCCCAC 


CCCGGAGGAC 


TTTCCCCGGC AGCTGGCCCT 


CATCAAGGAG 


300 


TTGGTGGACC 


TCCTAGGCCT 


TGTGCGGCTG 


GAGGTTCCCG GCTTTGAGGC 


GGACGACGTG 


360 


CTGGCCACCC 


TGGCCAAGCG 


GGCGGAAAAG 


GAGGGGTACG AGGTGCGCAT 


CCTCACTGCC 


420 


GACCGCGACC 


TCTACCAGCT 


CCTTTCGGAG 


CGCATCGCCA TCCTCCACCC 


TGAGGGGTAC 


480 


CTGATCACCC 


CGGCGTGGCT 


TTACGAGAAG 


TACGGCCTGC GCCCGGAGCA 


GTGGGTGGAC 


540 


TACCGGGCCC 


TGGCGGGGGA 


CCCCTCGGAT AACATCCCCG GGGTGAAGGG 


CATCGGGGAG 


600 


AAGACCGCCC 


AGAGGCTCAT 


CCGCGAGTGG GGGAGCCTGG AAAACCTCTT 


CCAGCACCTG 


660 


GACCAGGTGA 


AGCCCTCCTT 


GCGGGAGAAG 


CTCCAGGCGG GCATGGAGGC 


CCTGGCCCTT 


720 


TCCCGGAAGC 


TTTCCCAGGT 


GCACACTGAC 


CTGCCCCTGG AGGTGGACTT 


CGGGAGGCGC 


760 


CGCACACCCA 


ACCTGGAGGG 


TCTGCGGGCT TTTTTGGAGC GGTTGGAGTT 


TGGAAGCCTC 


840 


CTCCACGAGT 


TCGGCCTCCT 


GGAGGGGCCG AAGGCGGCAG AGGAGGCCCC. 


CTGGCCCCCT 


900 


CCGGAAGGGG 


CTTTTTTGGG 


CTTTTCCTTT 


TCCCGTCCCG AGCCCATGTG 


GGCCGAGCTT 


960 


CTGGCCCTGG 


CTGGGGCGTG 


GGAGGGGCGC 


CTCCATCGGG CACAAGACCC 


CCTTAGGGGC 


1020 


CTGAGGGACC 


TTAAGGGGGT 


GCGGGGAATC 


CTGGCCAAGG ACCTGGCGGT 


TTTGGCCCTG 


1080 


OGGGAGGGCC 


TGGACCTCTT 


CCCAGAGGAC 


GACCCCATGC TCCTGGCCTA 


CCTTCTGGAC 


1140 


CCCTCCAACA 


CCACCCCTGA 


GGGGG7GGCC 


CGGCGTTACG GGGGGGAGTG 


GACGGAGGAT 


1200 


GCGGGGGAGA -GGGCCCTCCT 


GGCCGAGCGC 


CTCTTCCAGA CCCTAAAGGA 


GCGCCTTAAG 


1260 


GGAGAAGAAC 


GCCTCCTTTG 


GCTTTACGAG 


GAGGTGGAGA AGCCGCTTTC 


CCGGGTGTTG 


. 1320 


GCCCGGATGG 


AGGCCACGGG 


GGTCCGGCTG 


GACGTGGCCT ACCTCCAGGC 


CCTCTCCCTG 


1380 


GAGGTGGAGG 


CGGAGGTGCG 


CCAJGCTGGAG 


GAGGAGGTCT TCCGCCTGGC 


CGGCCACCCC 


1440 


TTCAACCTCA 


ACTCCCGCGA 


CCAGCTGGAG 


CGGGTGCTCT TTGACGAGCT 


GGGCCTGCCT 


1500 


GCCATCGGCA 


AGACGGAGAA 


GACGGGGAAA CGCTCCACCA GCGCTGCCGT 


GCTGGAGGCC 


1560 


CTGCGAGAGG 


CCCACCCCAT 


CGTGGACCGC 


ATCCTGCAGT ACCGGGAGCT 


CACCAAGCTC 


1620 


AAGAACACCT 


ACATAGACCC 


CCTGCCCGCC 


CTGGTCCACC CCAAGACCGG 


CCGGCTCCAC 


1680 


ACCCGCTTCA 


ACCAGACGGC 


CACCGCCACG 


GGCAGGCTTT CCAGCTCCGA 


CCCCAACCTG 


1740 


CAGAACATCC 


CCGTGCG CAC 


CCC7CTGGGC 


CAGCGCATCC GCCGAGCCTT 


CGTGGCCGAG 


1800 


GAGGGCTGGG 


TGCTGGTGGT 


CTTGGACTAC 


AGCCAGATTG AGCTTCGGGT 


CCTGGCCCAC 


1860 


CTCTCCGGGG 


ACGAGAACCT 


GATCCGGGTC TTTCAGGAGG GGAGGGACAT 


CCACACCCAG 


1920 


ACCGCCAGCT 


GGATGTTCGG 


CGTTTCCCCC GAAGGGGTAG ACCCTCTGAT 


GCGCCGGGCG 


19B0 


GCCAAGACCA TCAACTTCGG 


GGTGCTCTAC GGCATGTCCG CCCACCGCCT 


CTCCGGGGAG 


2040 



-266- 



CTTTCCATCC CCTACGAGGA GGCGGTGGCC TTCATTGAGC GCTACTTCCA GAGCTACCCC 2100 

AAGGTGCGGG CCTGGATTGA GGGGACCCTC GAGGAGGGCC GCCGGCGGGG GTATGTGGAG 2160 

ACCCTCTTCG GCCGCCGGCG CTATGTGCCC GACCTCAACG CCCGGGTGAA GAGCGTGCGC 2220 

GAGGCGGCGG AGCGCATGGC CTTCAACATG CCGGTCCAGG GCACCGCCGC CGACCTCATG 2280 

AAGCTGGCCA TGGTGCGGCT TTTCCCCCGG CTTCAGGAAC TGGGGGCGAG GATGCTTTTG 2340 

CAGGTGCACG ACGAGCTGGT CCTCGAGGCC CCCAAGGACC GGGCGGAGAG GGTAGCCGCT 2400 

TTGGCCAAGG AGGTCATGGA GGGGGTCTGG CCCCTGCAGG TGCCCCTGGA GGTGGAGGTG 2460 



GGCCTGGGGG 


AGGACTGGCT 


CTCCGCCAAG GAGTAG 




2496 


B2#J#^§- : 


3 










: 2504 m 


m 






































: DNA(genomic) 






BB5U 










ATGGAGGCGA 


TGCTTCCGCT 


CTTTGAACCC AAAGGCCGGG TCCTCCTGGT 


GGACGGCCAC 


60 


CACCTGGCCT 


ACCGCACCTT 


CTTCGCCCTG AAGGGCCTCA CCACGAGCCG 


GGGCGAACCG 


120 


GTGCAGGCGG 


" TCTACGGCTT 


CGCCAAGAGC CTCCTCAAGG CCCTGAAGGA 


GGACGGGTAC 


180 


AAGGCCGTCT 


TCGTGGTCTT 


TGACGCCAAG GCCCCCTCCT TCCGCCACGA 


GGCCTACGAG 


240 


GCCTACAAGG 


CGGGGAGGGC 


CCCGACCCCC GAGGACTTCC CCCGGCAGCT 


CGCCCTCATC 


300 


AAGGAGCTGG 


TGGACCTCCT 


GGGGTTTACC CGCCTCGAGG TCCCCGGCTA 


CGAGGCGGAC 


360 


GACGTTCTCG 


CCACCCTGGC 


CAAGAAGGCG GAAAAGGAGG GGTACGAGGT 


GCGCATCCTC 


420 


ACCGCCGACC 


GCGACCTCTA 


CCAACTCGTC TCCGACCGCG TCGCCGTCCT 


CCACCCCGAG 


4B0 


GGCCACCTCA 


TCACCCCGGA 


GTGGCTTTGG GAGAAGTACG GCCTCAGGCC GGAGCAGTGG 


540 


GTGGACTTCC 


GCGCCCTCGT 


GGGGGACCCC TCCGACAACC TCCCCGGGGT 


CAAGGGCATC 


600 


GGGGAGAAGA 


CCGCCCTCAA 


GCTCCTCAAG GAGTGGGGAA GCCTGGAAAA 


CCTCCTCAAG 


660 


AACCTGGACC 


GGGTAAAGCC 


AGAAAACGTC CGGGAGAAGA TCAAGGCCCA 


CCTGGAAGAC 


720 


CTCAGGCTCT 


CCTTGGAGCT 


CTCCCGGGTG CGCACCGACC TCCCCCTGGA 


GGTGGACCTC 


780 


GCCCAGGGGC 


GGGAGCCCGA 


CCGGGAGGGG CTTAGGGCCT TCCTGGAGAG 


GCTGGAGTTC 


840 


GGCAGCCTCC 


TCCACGAGTT 


CGGCCTCCTG GAGGCCCCCG CCCCCCTGGA GGAGGCCCCC 


900 


TGGCCCCCGC 


CGGAAGGGGC 


CTTCGTGGGC TTCGTCCTCT CCCGCCCCGA GCCCATGTGG 


960 
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GCGGAGCTTA 


AAGCCCTGGC 


CGCCTGCAGG 


GACGGCCGGG 


TGCACCGGGC 


AGCAGACCCC 


1020 


TTGGCGGGGC 


7AAAGGACCT 


CAAGGAGGTC 


CGGGGCCTCC 


TCGCCAAGGA 


CCTCGCCGTC 


1080 


TTGGCCTCGA 


GGGAGGGGCT 


AGACCTCGTG 


CCCGGGGACG 


ACCCCATGCT 


CCTCGCCTAC 


1140 


CTCCTGGACC 


CCTCCAACAC 


CACCCCCGAG 


GGGGTGGCGC 


GGCGCTACGG 


GGGGGAGTGG 


1200 


ACGGAGGACG 


CCGCCCACCG 


GGCCCTCCTC 


TCGGAGAGGC 


TCCATCGGAA 


CCTCCTTAAG 


1260 


CGCCTCGAGG 


GGGAGGAGAA 


GCTCCTTTGG 


CTCTACCACG 


AGGTGGAAAA 


GCCCCTCTCC 


1320 


CGGGTCCTGG 


CCCACATGGA 


GGCCACCGGG 


GTACGGCTGG 


ACGTGGCCTA 


CCTTCAGGCC 


1360 


CTTTCCCTGG 


AGCTTGCGGA 


GGAGATCCGC 


CGCCTCGAGG 


AGGAGGTCTT 


CCGCTTGGCG 


1440 


GGCCACCCCT 


TCAACCTCAA 


CTCCCGGGAC 


CAGCTGGAAA 


GGGTGCTCTT 


TGACGAGCTT 


1S00 


AGGCTTCCCG 


CCTTGGGGAA 


GACGCAAAAG 


AGAGGCAAGC 


GCTCCACCAG 


CGCCGCGGTG 


1560 


CTGGAGGCCC 


TACGGGAGGC 


CCACCCCATC 


GTGGAGAAGA 


TCCTCCAGCA 


CCGGGAGCTC 


1620 


ACCAAGCTCA 


AGAACACCTA 


CGTGGACCCC 


CTCCCAAGCC 


TCGTCCACCC 


GAGGACGGGC 


1680 


CGCCTCCACA 


CCCGCTTCAA 


CCAGACGGCC 


ACGGCCACGG 


GGAGGCTTAG 


TAGCTCCGAC 


1140 


CCCAACCTGC 


AGAACATCCC 


CGTCCGCACC 


CCCTTGGGCC 


AGAGGATCCG 


CCGGGCCTTC 


1B00 


GTGGCCGAGG 


CGGGTTGGGC 


CTTGGTGGCC 


CTGGACTATA 


GCCAGATAGA 


GCTCCGCGTC 


I860 


CTCGCCCACC 


TCTCCGGGGA 


CGAAAACCTG 


ATCAGGGTCT 


TCCAGGAGGG 


GAAGGACATC 


1920 


CACACCCAGA 


CCGCAAGCTG 


GATGTTCGGC 


GTCCCCCCGG 


AGGCCGTGGA 


CCCCCTGATG 


1980 


CGCCGGGCGG 


CCAAGACGGT 


GAACTTCGGC 


GTCCTCTACG 


GCATGTCCGC 


CCATAGGCTC 


2040 


TCCCAGGAGC 


TTGCCATCCC 


CTACGAGGAG 


GCGGTGGCCT 


TTATAGAGGC 


TACTTCCAAA 


2100 


GCTTCCCCAA 


GGTGCGGGCC 


TGGATAGAAA 


AGACCCTGGA 


GGAGGGGAGG 


AAGCGGGGCT 


2160 


ACGTGGAAAC 


CCTCTTCGGA 


AGAAGGCGCT 


ACGTGCCCGA 


CCTCAACGCC 


CGGGTGAAGA 


2220 


GCGTCAGGGA 


GGCCGCGGAG 


CGCATGGCCT 


TCAACATGCC 


CGTCCAGGGC 


ACCGCCGCCG 


2280 


ACCTCATGAA 


GCTCGCCATG 


GTGAAGCTCT 


TCCCCCGCCT 


CCGGGAGATG 


GGGGCCCGCA 


2340 


TGCTCCTCCA 


GGTCCACGAC 


GAGCTCCTCC 


TGGAGGCCCC 


CCAAGCGCGG 


GCCGAGGAGG 


2400 


TGGCGGCTTT 


GGCCAAGGAG 


GCCATGGAGA 


AGGCCTATCC 


CCTCGCCGTG 


CCCCTGGAGG 


2460 


TGGAGGTGGG 


GATGGGGGAG 


GACTGGCTTT 


CCGCCAAGGG 


TTAG 




2504 
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Met Arg Gly Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu Leu 
15 10 IS 

val Asp Gly His His Leu Ala Tyr Arg Thr Phe His Ala Leu Lys Gly 
20 25 30 

Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe Ala 
35 40 45 

Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Asp Ala Val lie Val 
50 55 60 

Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Gly Gly 
$5 70 75 80 

Tyr Lvs Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arg Gin Leu 
85 90 95 

Ala Leu lie Lys Glu Leu Val Asp Leu Leu Gly Leu Ala Arg Leu Glu 
100 105 110 

Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Ser Leu Ala Lys Lys 
115 120 125 

Ala Glu Lys Glu Gly Tyr Glu Val Arg lie Leu Thr Ala Asp Lys Asp 
130 135 140 

Leu Tyr Gin Leu Leu Ser Asp Arg lie His Val Leu His Pro Glu Gly 
145 150 155 160 

Tyr Leu lie Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu Arg Pro 
165 170 175 



Asd Gin Trp Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser Asp Asn 
180 185 190 

Leu Pro Gly Val Lys Gly lie Gly Glu Lys Thr Ala Arg Lys Leu Leu 
195 " * 200 205 

Glu Glu Trp Gly Ser Leu Glu Ala Leu Leu Lys Asn Leu Asp Arg Leu 
210 215 220 

Lys Pro Ala lie Arg Glu Lys lie Leu Ala His Met Aso Asp Leu Lys 
225 230 235 240 

Leu Ser Trp Asp Leu Ala Lys Val Arg Thr Asp Leu Pro Leu Glu Val 
245 250 255 

Asp Phe Ala Lys Arg Arg Glu Pro Astj Arg Glu Arg Leu Arg Ala Phe 
260 " 265 270 

Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly Leu Leu 
275 280 2BS 

Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu Gly 
290 295 300 

Ala Phe Val Gly Phe Val Leu Ser Arg Lys Glu Pro Met Trp Ala Asp 
305 ' 310 315 320 

Leu Leu Ala Leu Ala Ala Ala Arg Gly Gly Arg Val His Arg Ala Pro 
32S 330 335 

Glu Pro Tyr Lys Ala Leu Arg Asp Leu Lys Glu Ala Arg Gly Leu Leu 
340 345 350 

Ala Lys Asp Leu Ser Val Leu Ala Leu Arg Glu Gly Leu Gly Leu Pro 
355 360 365 
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Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser Asn 
370 375 380 

Thr Thr Pro Glu Gly val Ala Arg Arg Tyr Gly Gly Glu Trp Thr Glu 

385 350 395 400 

Glu Ala Gly Glu Arg Ala Ala Leu Ser Glu Arg Leu Phe Ala Asn Leu 
405 410 415 

Trp Gly Arg Leu Glu Gly Glu Glu Arg Leu Leu Trp Leu Tyr Arg Glu 
420 425 430 

Val Glu Arg Pro Leu ser Ala Val Leu Ala His Met Glu Ala Thr Gly 
435 440 445 

Val Arc Leu Asp Val Ala Tyr Leu Arg Ala Leu Ser Leu Glu Val Ala 
4S0 ~ 455 460 

Glu Glu lie Ala Arg Leu Glu Ala Glu Val Phe Arg Leu Ala Gly His 
465 470 475 480 

Pro Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg val Leu Phe Asp 
485 490 495 

Glu Leu Gly Leu Pro Ala lie Gly Lys Thr Glu Lys Thr Gly Lys Arg 
500 505 510 

Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro He 
515 520 525 

Val Glu Lys He Leu Gin Tyr Arg Glu Leu Thr Lys Leu Lys Ser Thr 
530 535 540 

Tyr He Asp Pro Leu Pro Asp Leu lie His Pro Arg Thr Gly Arg Leu 
545 550 555 560 

His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu Ser Ser 
565 570 575 

Ser Asp Pro Asn Leu Gin Asn He Pro Val Arg Thr Pro Leu Gly Gin 
580 585 590 

Arg He Arg Arg Ala Phe He Ala Glu Glu Gly Trp Leu Leu Val Ala 
595 600 605 

Leu Asp Tyr Ser Gin He Glu Leu Arg val Leu Ala His lieu Ser Gly 
610 615 620 

Asp Glu Asn Leu He Arg Val Phe Gin Glu Gly Arg Asp He His Thr 
625 630 635 €40 

Glu Thr Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp Pro 
645 650 655 

Leu Met Arg Arg Ala Ala Lys Thr He Asn Phe Gly Val Leu Tyr Gly 
660 665 670 

Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala He Pro Tyr Glu Glu 
675 680 685 

Ala Gin Ala Phe He Glu Arg Tyr Phe Gin Ser Phe Pro Lys Val Arg 
690 695 700 

Ala Trp He Glu Lys Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr Val 
705 710 715 720 

Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Glu Ala Arg 
725 730 735 
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Val Lys Ser Val Arg Glu Ala Ala 
740 

Val Gin Gly Thr Ala Ala Asp Leu 

755 760 

Phe Pro Arg Leu Glu Glu Met Gly 
770 775 

Asp Glu Leu Val Leu Glu Ala Pro 
785 790 

Arg Leu Ala Lys Glu Val Met Glu 
805 

Leu Glu Val Glu Val Gly lie Gly 
820 



Glu Arg Met Ala Phe Asn Met Pro 
745 750 

Met Lys Leu Ala Met Val Lys Leu 

765 

Ala Arg Met Leu Leu Gin Val His 
7B0 

Lys Glu Arg Ala Glu Ala Val Ala 
795 800 

Gly Val Tyr Pro Leu Ala Val Pro- 
810 " B15 

Glu Asp Trp Leu Ser Ala Lys Glu 
825 B30 



saw^t : 5 

hb^joss : 83i y^jm 



Met Ala Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu Leu Val 
1 S 10 15 

Asp Gly His His Leu Ala Tyr Arg Thr Phe Phe Ala Leu Lys Gly Leu 
20 25 30 

Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe Ala Lys 
35 ~ 40 45 

Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Asp Val Val Val Val Val 
50 55 60 

Phe Asp Ala Lys Ala Pro Ser Phe Arg Kis Glu Ala Tyr Glu Ala Tyr 
65 70 75 80 

Lys Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arg Gin Leu Ala 
65 90 95 

Leu lie Lys Glu Leu Val Asp Leu Leu Gly Leu Val Arg Leu Glu Val 
100 105 110 

Pro Gly Phe Glu Ala Asp Asp Val Leu Ala Thr Leu Ala Lys Arg Ala 
115 120 125 

Glu Lys Glu Gly Tyr Glu Val Arg lie Leu Thr Ala Asp Arg Asp Leu 
130 135 140 

Tyr Gin Leu Leu Ser Glu Arg lie Ala lie Leu His Pro Glu Gly Tyr 
145 150 155 160 
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Leu lie Thr Pro Ala Trp Leu Tyr Glu Lys Tyr Glv Leu Arg Pro Glu 
165 170 175 

Gin Tro Val Asp Tyr Arg Ala Leu Ala Gly Asp Pro Ser Asp Asn lie 
180 185 * 190 

Pro Gly Val Lys Gly lie Gly Glu Lys Thr Ala Gin Arg Leu He Arg 

195 200 205 

Glu Trp Gly Ser Leu Glu Asn Leu Phe Gin His Leu Asp Gin Val Lys 
210 215 220 

Pro Ser Leu Arg Glu Lys Leu Gin Ala Gly Met Glu Ala Leu Ala Leu 
225 230 235 240 

Ser Arg Lys Leu Ser Gin Val His Thr Asp Leu Pro Leu Glu Val Asp 
245 250 255 

Phe Gly Arg Arg Arg Thr Pro Asn Leu Glu Gly Leu Arg Ala Phe Leu 
260 265 270 

Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly Leu Leu Glu 
275 2B0 285 

Gly Pro Lys Ala Ala Glu Glu Ala Pro Trp Pro Pro Pro Glu Gly Ala 
290 295 300 

Phe Leu Gly Phe Ser Phe Ser Arg Pro Glu Pro Met Trp Ala Glu Leu 
305 310 315 320 

Lou Ala Leu Ala Gly Ala Trp Glu Gly Arg Leu His Arg Ala Gin Asp 
325 330 " 335 

Pro Leu Arg Gly Leu Arg Asp Leu Lys Gly Val Arg Gly He Leu. Ala 
340 345 350 

Lys Asp Leu Ala Val Leu Ala Leu Arg Slu Gly Leu Asp Leu Phe Pro 
355 350 365 

Glu Asn Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser Asn Thr 
370 375 . 380 

Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp Thr Glu Asp 
3S5 390 395 400 

Ala Gly Glu Arg Ala Leu Leu Ala Glu Arg Leu Phe Gin Thr Leu Lys 

405 410 415 

Glu Arg Leu Lys Gly Glu Glu Arg Leu Leu Trp Leu Tyr Glu Glu Val 
420 425 430 

Glu Lys Pro Leu Ser Arg Val Leu Ala Arg Met Glu Ala Thr Gly Val 
435 440 445 



Arg Leu Asp Val Ala Tyr Leu Gin Ala Leu Ser Leu Glu Val Glu Ala 
450 455 460 

Glu Val Arg Gin Leu Glu Glu Glu Vai Phe Arg Leu Ala Gly His Pro 
465 470 475 4B0 

Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu- Arg Val Leu Phe Asp Glu 
485 430 495 

Leu Gly Leu Pro Ala lie Gly Lys Thr Glu Lys Thr Gly Lys Arg Ser 
500 SOS 510 

Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro He Val 
515 520 525 

Asp Arg He Leu Gin Tyr Arg Glu Leu Thr Lys Leu Lys Asn Thr Tyr 
530 53S 540 

He Asp Pro Leu Pro Ala Leu Val His Pro Lys Thr Gly Arg Leu His 
545 550 555 560 

Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu fiar Ser Ser 
565 570 575 
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Asp Pro Asn Leu Gin Asn lie Pro Val Arg Thr Pro Leu Gly Gin Arg 
580 585 590 

lie Arg Arg Ala Phe val Ala Glu Glu Gly Trp Val Leu Val Val Leu 
595 600 " 605 

Asp Tyr ser Gin lie Glu Leu Arg Val Leu Ala His Leu Ser Gly Asp 
610 615 620 

Glu Asn Leu lie Arg Val Phe Gin Glu Gly Arg Asp lie His Thr Gin 
62S 630 635 640 

Thr Ala Ser Trp Met Phe Gly Val Ser Pro Glu Gly Val Asn Pro Leu 
645 6S0 655 

Met Arg Arg Ala Ala Lys Thr lie Asn Phe Gly Val Leu Tyr Gly Met 
660 665 670 

Ser Ala Hie Arg Leu Ser Gly Glu Leu Ser He Pro Tyr Glu Glu Ala 
675 680 685 

Val Ala Phe lie Glu Arg Tyr Phe Gin Ser Tyr Pro Lys Val Arg Ala 
690 695 700 

Trp He Glu Gly Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr Val Glu 
705 710 715 720 

Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Asn Ala Ara Val 
725 730 735 

Lys Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met Pro Val 
74D 745 750 

Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val Arg Leu Phe 
755 760 765 

Pro Arg Leu Gin Glu Leu Gly Ala Arg Met Leu Leu Gin Val His Asp 
770 775 ~ 780 

Glu Leu Val Leu Glu Ala Pro Lys Asp Arg Ala Glu Arg Val Ala Ala 
785 790 795 800 

Leu Ala Lys Glu Val Met Glu Gly Val Trp Pro Leu Gin Val Pro Leu 
605 810 615 



Glu Val Glu Val Gly Leu Gly Glu Asp Trp Leu Ser Ala Lys Glu 
820 825 630 



mnm^ : 6 
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Met Glu Ala Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu Leu 
1 5 10 15 

Val Asp Gly His His Leu Ala Tyr Arg Thr Phe Phe Ala Leu Lys Gly 
20 25 30 

Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe Ala 
35 40 45 

Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Tyr Lys Ala Val Phe 
SO 55 60 

Val Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Glu 
65 70 75 80 

Ala Tyr Lys Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arg Gin 
B5 90 95 

Leu Ala Leu lie Lys Glu Leu Val Asp Leu Leu Gly Phe Thr Arg Leu 
100 105 110 

Glu Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Thr Leu Ala Lys 
115 120 125 

Lys Ala Glu Lys Glu Gly Tyr Glu Val Arg lie Leu Thr Ala Asp Arg 

130 135 140 

Asp Leu Tyr Gin Leu Val Ser Asp Arg Val Ala Val Leu His Pro Glu 
145 150 155 160 

Gly His Leu lie Thr Pro Glu Trp Leu Trp Glu Lys Tyr Gly Leu Arg 
165 170 175 

Pro Glu Gin Trp Val Asp Phe Arg Ala Leu Val Gly Asp Pro Ser Asp 
180 185 190 

Asn Leu Pro Gly Val Lys Gly lie Gly Glu Lys Thr Ala Leu Lys Leu 
195 200 205 

Leu Lvs Glu Trp Gly Ser Leu Glu Asn Leu Leu Lys Asn Leu Asp Arg 
2i0 " 215 220 

Val Lys Pro Glu Asn Val Arg Glu Lys lie Lys Ala His Leu Glu Asp 
225 230 235 240 

Leu Arg Leu Ser Leu Glu Leu Ser Arg Val Arg Thr Asp Leu Pro Leu 
245 250 ~ * 255 

Glu Val Asp Leu Ala Gin Gly Arg Glu Pro Asp Arg Glu Gly Leu Arg 
260 265 270 

Ala Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly 
275 " 280 285 
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Leu Leu Glu Ala Pro Ala Pro Leu Glu Glu Ala Pro Trp Pro Pro Pro 
290 295 300 

Glu Gly Ala Phe val Gly Phe val Leu ser Arg Pro Glu Pro Met Trp 
305 310 315 320 

Ala Glu Leu Lys Ala Leu Ala Ala Cys Arg Asp Gly Arg Val His Arg 
32S 330 335 

Ala Ala Asp Pro Leu Ala Gly Leu Lys Asp Leu Lys Glu Val Arg Gly 
340 345 350 

Leu Leu Ala Lys Asp Leu Ala Val Leu Ala Ser Arg Glu Gly Leu Asp 
355 360 365 

Leu Val Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro 
370 375 380 

Ser Asn Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp 
385 390 395 400 

Thr Glu Asp Ala Ala His Arg Ala Leu Leu Ser Glu Arg Leu His Arg 
405 4X0 415 

Asn Leu Leu Lys Arg Leu Glu Gly Glu Glu Lys Leu Leu Trp Leu Tyr 
420 425 * 430 

His Glu val Glu Lys Pro Leu ser Arg val Leu Ala His Met Glu Ala 
435 440 445 

Thr Gly Val Arg Leu Asp Val Ala Tyr Leu Gin Ala Leu Ser Leu Glu 
450 ~ 1 455 460 

Leu Ala Glu Glu lie Arg Arg Leu Glu Glu Glu Val Phe Arg Leu Ala 
465 470 475 480 

Gly His Pro Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg Val Leu 
485 490 495 

Phe Aso Glu Leu Arg Leu Pro Ala Leu Gly Lys Thr Gin Lys Thr Gly 
500 505 510 

Lys Arg- Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His 
515 520 525 

Pro lie Val Glu Lys He Leu Gin His Arg Glu Leu Thr Lys Leu Lys 

530 535 540 

Asn Thr Tyr Val Asp Pro Leu Pro Ser Leu Val His Pro Arg Thr Gly 
545 550 555 560 

Arg Leu His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu 
565 570 -57 5 

Ser Ser Ser Asp Pro Asn Leu Gin Asn He Pro Val Arg Thr Pro Leu 
580 585 590 

Gly Gin Arg He Arg Arg Ala Phe Val Ala Glu Ala Gly Trp Ala Leu 
595 ^ ~ 600 605 

Val Ala Leu Asp Tyr Ser Gin He Glu Leu Arg Val Leu Ala His Leu 
610 615 620 

Ser Gly Asp Glu Asn Leu He Arg Val Phe Gin Glu Gly Lys Asp He 
625 630 635 640 

His Thr Gin Thr Ala Ser Trp Met Phe Gly Val Pro Pro Glu Ala Val 
645 650 655 
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Asp Pro Leu Met Arg Arg Ala Ala Lys Thr Val Asn Phe Gly Val Leu 
660 665 670 

Tyr Gly Met ser Ala His Arg Leu ser Gin Glu Leu Ala lie Pro Tyr 

675 660 685 

Glu Glu Ala Val Ala Phe lie Glu Arg Tyr Phe Gin Ser Phe Pro Lys 
690 695 700 

Val Arg Ala Trp lie Glu Lys Thr Leu Glu Glu Gly Arg Lys Arg Gly 
705 " 710 715 720 

Tyr val Glu Thr Leu Phe Gly Arg Arg Arg Tyr val pro Asp Leu Asn 
725 730 735 

Ala Arg Val Lys Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn 
740 745 750 

Met Pro Val Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val 
755 760 765 

Lys Leu Phe Pro Arg Leu Arg Glu Met Gly Ala Arg Met Leu Leu Gin 
770 775 780 

Val His Asp Glu Leu Leu Leu Glu Ala Pro Gin Ala Arg Ala Glu Glu 
785 790 795 800 

Val Ala Ala Leu Ala Lys Glu Ala Met Glu Lys Ala Tyr Pro Leu Ala 
805 810 B15 

Val Pro Leu Glu Val Glu Val Gly Met Gly Glu Asp Trp Leu Ser Ala 
820 B25 830 



Lys Gly 



mn<DM2 : 2502 Jfi&ft 

mmom = mm 

tt<DR : -*« 
h#ns>- : MR 
mmomm : DNA(genomic) 

ATGNKGGCGA TGCTTCCCCT CTTTGAGCCC AAAGGCCGGG TCCTCCTGGT GGACGGCCAC 60 

CACCTGGCCT ACCGCACCTT CTTCGCCCTG AAGGGCCTCA CCACCAGCCG GGGCGAACCG 12 0 

GTGCAGGCGG TCTACGGCTT CGCCAAGAGC CTCCTCAAGG CCCTGAAGGA GGACGGGGAC 18_0 

NNGGCGGTGN TCGTGGTCTT TGACGCCAAG GCCCCCTCCT TCCGCCACGA GGCCTACGAG 240 

GCCTACAAGG CGGGCCGGGC CCCCACCCCG GAGGACTTTC CCCGGCAGCT CGCCCTCATC 300 

AAGGAGCTGG TGGACCTCCT GGGGCTTGCG CGCCTCGAGG TCCCCGGCTA CGAGGCGGAC 3 60 

GACGTNCTGG CCACCCTGGC CAAGAAGGCG GAAAAGGAGG GGTACGAGGT GCGCATCCTC 420 

ACCGCCGACC GCGACCTCTA CCAGCTCCTT TCCGACCGCA TCGCCGTCCT CCACCCCGAG 4 80 
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GGGTACCTCA 


TCACCCCGGC 


GTGGCTTTGG 


GAGAAGTACG GCCTGAGGCC 


GGAGCAGTGG 


540 


GTGGACTACC 


GGGCCCTGGC 


GGGGGACCCC 


TCCGACAACC TCCCCGGGGT 


CAAGGGCATC 


600 


GGGGAGAAGA 


CCGCCCNGAA 


GCTCCTCNAG 


GAGTGGGGGA GCCTGGAAAA 


CCTCCTCAAG 


660 


AACCTGGACC 


GGGTGAAGCC 


CGCCNTCCGG 


GAGAAGATCC AGGCCCACAT 


GGAKGACCTG 


720 


ANGCTCTCCT 


GGGAGCTNTC 


CCAGGTGCGC 


ACCGACCTGC CCCTGGAGGT 


GGACTTCGCC 


7B0 


AAGNGGCGGG 


AGCCCGACCG 


GGAGGGGCTT 


AGGGCCTTTC TGGAGAGGCT 


GGAGTTTGGC 


840 


AGCCTCCTCC 


ACGAGTTCGG 


CCTCCTGGAG 


GGCCCCAAGG CCCTGGAGGA 


GGCCCCCTGG 


900 


CCCCCGCCGG 


AAGGGGCCTT 


CGTGGGCTTT 


GTCCTTTCCC GCCCCGAGCC 


CATGTGGGCC 


960 


GAGCTTCTGG 


CCCTGGCCGC 


OGCCAGGGAG 


GGCCGGGTCC ACCGGGCACC 


AGACCCCTTT 


1020 


ANGGGCCTNA 


GGGACCTNAA 


GGAGGTGCGG 


GGNCTCCTCG CCAAGGACCT 


GGCCGTTTTG 


1080 


GCCCTGAGGG 


AGGGCCTNGA 


CCTCNTGCCC 


GGGGACGACC CCATGCTCCT 


CGCCTACCTC 


1140 


CTGGACCCCT 


CCAACACCAC 


CCCCGAGGGG 


GTGGCCCGGC GCTACGGGGG 


GGAGTGGACG 


1200 


GAGGANGCGG 


GGGAGCGGGC 


CCTCCTNTCC 


GAGAGGCTCT TCCNGAACCT 


NNNGCAGCGC 


1260 


CTTGAGGGGG 


AGGAGAGGCT 


CCTTTGGCTT TACCAGGAGG TGGAGAAGCC 


CCTTTCCCGG 


1320 


GTCCTGGCCC 


ACATGGAGGC 


CACGGGGGTN 


CGGCTGGACG TGGCCTACCT 


CCAGGCCCTN 


1380 


TCCCTGGAGG TGGCGGAGGA GATCCGCCGC CTCGAGGAGG AGGTCTTCCG 


CCTGGCCGGC 


1440 


CACCCCTTCA ACCTCAACTC 


CCGGGACCAG 


CTGGAAAGGG TGCTCTTTGA 


CGAGCTNGGG 


1500 


CTTCCCGCCA TCGGCAAGAC 


GGAGAAGACK GGCAAGCGCT CCACCAGCGC 


CGCCGTGCTG 


1560 


GAGGCCCTNC 


GNGAGGCCCA 


CCCCATCGTG 


GAGAAGATCC TGCAGTACCG 


GGAGCTCACC 


1620 


AAGCTCAAGA ACACCTACAT NGACCCCCTG 


CCNGNCCTCG TCCACCCCAG 


GACGGGCCGC 


1680 


CTCCACACCC'GCTTCAACCA GACGGCCACG GCCACGGGCA GGCTTAGTAG CTCCGACCCC 


1740 


AACCTGCAGA ACATCCCCGT 


CCGCACCCCN 


CTGGGCCAGA GGATCCGCCG 


GGCCTTCGTG 


1800 


GCCGAGGAGG 


GNTGGGTGTT 


GGTGGCCCTG 


GACTATAGCC AGATAGAGCT 


CCGGGTCCTG 


1860 


GCCCACCTCT 


CCGGGGACGA GAACCTGATC 


CGGGTCTTCC AGGAGGGGAG 


GGACATCCAC 


1920 


ACCCAGACCG 


CCAGCTGGAT 


GTTCGGCGTC 


CCCCCGGAGG CCGTGGACCC 


CCTGATGCGC 


1980 


CGGGCGGCCA 


AGACCATCAA 


CTTCGGGGTC 


CTCTACGGCA TGTCCGCCCA 


CCGCCTCTCC 


2040 


CAGGAGCTTG 


CCATCCCCTA 


CGAGGAGGCG 


GTGGCCTTCA TTGAGCGCTA 


CTTCCAGAGC 


2100 


TTCCCCAAGG 


TGCGGGCCTG 


GATTGAGAAG 


ACCCTGGAGG AGGGCAGGAG 


GCGGGGGTAC 


2160 


GTGGAGACCC 


TCTTCGGCCG 


CCGGCGCTAC 


GTGCCCGACC 7CAACGCCCG 


GGTGAAGAGC 


2220 


GTGCGGGAGG 


CGGCGGAGCG 


CATGGCCTTC 


AACATGCCCG TCCAGGGCAC 


CGCCGCCGAC 


2280 


CTCATGAAGC 


TGGCCATGGT 


GAAGCTCTTC 


CCCCGGCTNC AGGAAATGGG 


GGCCAGGATG 


2340 


CTCCTNCAGG 


TCCACGACGA 


GCTGGTCCTC 


GAGGCCCCCA AAGAGCGGCC 


GGAGCTGGTG 


2400 


GCCGCTTTGG 


CCAAGGAGGT 


CATGGAGGGG 


GTCTATCCCC TGGCCGTGCC 


CCTGGAGGTG 


2460 


GAGGTGGGGA TGGGGGAGGA 


CTGGCTCTCC 


GCCAAGGAGT AG 




2502 
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@e^JCO^$ : 833 7^ J M 

Met Xaa Ala Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu Leu 
1 5 10 15 

Val Asp Gly His His Leu Ala Tyr Arg Thr Phe Phe Ala Leu Lys Gly 
20 25 30 

Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe Ala 
35 40 45 

Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Asp Ala Val Xaa Val 
50 55 60 

Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Glu Ala 
65 70 75 80 

Tyr Lvs Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arg Gin Leu 
85 90 95 

Ala Leu lie Lys Glu Leu Val Asp Leu Leu Gly Leu Xaa Arg Leu Glu 
100 105 110 
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Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Thr Leu Ala Lys Lys 
115 120 125 



Ala Glu Lys Glu Gly Tyr Glu val Arg He Leu Thr Ala Asp Arg Asp 
130 135 140 

Leu Tyr Gin Leu Leu Ser Asp Arg lie Ala Val Leu His Pro Glu Gly 
145 150 155 160 

Tyr Leu He Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu Arg Pro 
165 110 175 

Glu Gin Trp Val Asp Tyr Arg Ala Leu Xaa Gly Asp Pro Ser Asp Asn 
180 * 1B5 190 

Leu Pro Gly Val Lys Gly He Gly Glu Lys Thr Ala Xaa Lys Leu Leu 
195 200 205 

Xaa Glu Trp Gly Ser Leu Glu Asn Leu Leu Lys Asn Leu Asp Arg Val 
210 " 215 220 

Lys Pro Xaa Xaa Arg Glu Lvs He Xaa Ala His Met Glu Asp Leu Xaa 
225 230 235 240 

Leu Ser Xaa Xaa Leu Ser Xaa Val Arg Thr Asp Leu Pro Leu Glu Val 
245 250 255 

Asp Phe Ala Xaa Arg Arg Glu Pro Asp Arg Glu Gly Leu Arg Ala Phe 
260 " 265 270 

Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly Leu Leu 
275 2B0 285 

Glu Xaa Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu Gly 
290 295 300 

Ala Phe Val Gly Phe Val Leu Ser Arg Pro Glu Pro Met Trp Ala Glu 
305 310 315 320 

Leu Leu Ala Leu Ala Ala Ala Arg Xaa Gly Arg Val His Arg Ala Xaa 
325 fc 330 335 

Aso Pro Leu Xaa Gly Leu Arg Asp Leu Lys Glu Val Arg Gly Leu Leu 
340 345 350 

Ala Lvs Asp Leu Ala Val Leu Ala Leu Arg Glu Gly Leu Asp Leu Xaa 
' 3S5 360 365 

Pro Gly ASp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser Asn 
370 375 380 

Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp Thr Glu 
3fiS 390 395 400 

Asp Ala Gly Glu Arg Ala Leu Leu ser Glu Arg Leu Phe xaa Asn Leu 
405 410 415 

Xaa Xaa Arg Leu Glu Gly Glu Glu Arg Leu Leu Trp Leu Tyr Xaa Glu 
420 425 430 

Val Glu Lys Pro Leu Ser Arg Val Leu Ala His Met Glu Ala Thr Gly 
43 5 440 445 

Val Arg Leu Asp Val Ala Tyr Leu Gin Ala Leu Ser Leu Glu Val Ala 
450 455 460 

Glu Glu He Arg Arg Leu Glu Glu Glu Val Phe Arg Leu Ala Gly His 
465 470 475 4B0 
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Pro Pha Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg Val Leu Phe Asp 
485 490 495 

Glu Leu Gly Leu Pro Ala He Gly Lys Thr Glu Lys Thr Gly Lys Arg 
500 505 510 

Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro He 
515 520 525 

Val Glu Lys He Leu Gin Tyr Arg Glu Leu Thr Lys Leu Lys Asn Thr 
530 535 540 

Tyr lie Asp Pro Leu Pro Xaa Leu val Kis Pro Arg Thr Gly Arg Leu 
545 550 555 560 

His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu Ser Ser 
565 570 575 

Ser Asp Pro Asn Leu Gin Asn lie Pro Val Arg Thr Pro Leu Gly Gin 
580 585 590 

Arg lie Arg Arg Ala Phe Val Ala Glu Glu Gly Trp xaa Leu Val Ala 
595 600 60S 

Leu Asp Tyr Ser Gin He Glu Leu Arg Val Leu Ala His Leu Ser Gly 
610 615 620 

Asp Glu Asn Leu He Arg Val Phe Gin Glu Gly Arg Asp He His Thr 
625 630 635 640 

Gin Thr Ala Ser Trp Met Phe Gly Val Pro Pro Glu Ala Val- Asp Pro 
645 650 655 

Leu Met Arg Arg Ala Ala Lys Thr He Asn Phe Gly Val Leu Tyr Gly 
660 665 670 

Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala lie Pro Tyr Glu Glu 
675 ~ 680 685 

Ala Val Ala Phe He Glu Arg Tyr Phe Gin ser Phe Pro Lys Val Arg 
690 595 700 

Ala Trp He Glu Lys Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr Val 
705 ?10 715 720 

Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Asn Ala Arg 
725 730 735 

Val Lys Ser val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met Pro 
740 745 750 

Val Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val Lys Leu 
755 760 765 

Phe Pro Arg Leu Xaa Glu Met Gly Ala Arg Met Leu Leu Gin val His 
770 775 780 

Asp Glu Leu Val Leu Glu Ala Pro Lys Xaa Arg Ala Glu Xaa Val Ala 
785 790 795 BOO 

Ala Leu Ala Lys Glu Val Met Glu Gly Val Tyr Pro Leu Ala Val Pro 
805 9 10 815 

Leu Glu Val Glu Val Gly xaa Gly Glu Asp Trp Leu Ser Ala Lys Glu 
820 825 B30 

Xaa 
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mmo&z ■ 1647 
mom .• 

ffi^J©a^ : DNA(genomic) 



ATGAATTCGG 


GGATGCTGCC 


CCTCTTTGAG 


CCCAAGGGCC 


GGGTCCTCCT 


GGTGGACGGC 


60 


CACCACCTGG 


CCTACCGCAC 


CTTCCACGCC 


CTGAAGGGCC 


TCACCACCAG 


CCGGGG3GAG 


120 


CCGCTGCAGG 


CGGTCTACGG 


CTTCGCCAAG 


AGCCTCCTCA AGGCCCTCAA GGAGGACGGG 


1B0 


GACGCGGTGA 


TCGTGGTCTT 


TGACGCCAAG 


GCCCCCTCCT 


TCCGCCACGA GGCCTACGGG 


240 


GGGTACAAGG 


CGGGCCGGGC 


CCCCACGCCG 


GAGGACTTTC 


CCCGGCAACT 


CGCCCTCTATC 


300 


AAGGAGCTGG 


TGGACCTCCT 


GGGGCTGGCG 


CGCCTCGAGG 


TCCCGGGCTA 


CGAGGCSGAC 


360 


GACGTCCTGG 


CCAGCCTGGC 


CAAGAAGGCG 


GAAAAGGAGG 


GCTACGAGGT 


CCGCATCTCTC 


420 


ACCGCCGACA 


AAGACCTTTA 


CCAGCTCCTT 


TCCGACCGCA 


TCCACGTCCT 


CCACCC^GAG 


4B0 


GGGTACCTCA 


TCACCCCGGC 


CTGGCTTTGG 


GAAAAGTACG 


GCCTGAGGCC 


CGACCAGTGG 


540 


GCCGACTACC 


GGGCCCTGAC 


CGGGGACGAG 


TCCCACAACC 


TTCCCGGGGT 


CAAGGG CATC 


600 


GGGGAGAAGA 


CGGCGAGGAA 


GCTTCTGGAG 


GAGTGGGGGA 


GCCTGGAAGC 


CCTCCTCAAG 


€60 


AACCTGGACC 


GGCTGAAGCC 


CGCCATCCGG 


GAGAAGATCC 


TGGCCCACAT 


GGACGATCTG 


720 


AAGCTCTCCT 


GGGACCTGCC 


CAACGTCCCC 


ACCGACCTGC 


CCCTGGAGGT 


GGACTTCGCC 


7B0 


AAAAGGCGGG 


AGCCCGACCG 


GGAGAGGCTT 


AGGGCCTTTC 


TGGAGAGGCT 


TGAGTTrGGC 


840 


AGCCTCCTCC 


ACGAGTTCGG 


CCTTCTGGAA 


AGCCCCAAGG 


CCCTGGAGGA 


GGCCCCCTGG 


900 


CCCCCGCCGG 


AAGGGGCCTT 


CGTGGGCTTT 


GTGCTTTCCC 


GCAAGGAGCC 


CATGTGGGCC 


960 


GATCTTCTGG 


CCCTGGCCGC 


CGCCAGGGGG 


GGCCGGGTCC ACCGGGCCCC 


CGAGCCITAT 


1020 


AAAGCCCTCA 


GGGACCTGAA 


GGAGGCGCGG 


GGGCTTCTCG 


CCAAAGACCT 


GAGCGTTCTG 


1080 


GCCCTGAGGG 


AAGGCCTTGG 


CCTCCCGCCC 


GGCGACGACC 


CCATGCTCCT 


CGCCTACCTC 


1140 


CTGGACCCTT 


CCAACACCAC 


CCCCGAGGGG 


GTGGCCCGGC 


GCTACGGCGG 


GGAGTGGACG 


1200 


GAGGAGGCGG 


GGGAGCGGGC 


CGCCCTTTCC 


GAGAGGCTCT 


TCGCCAACCT 


GTGGGGGAGG 


1260 


CTTGAGGGGG 


AGGAGAGGCT 


CCTTTGGCTT 


TACCGGGAGG 


TGGAGAGGCC 


CCTTTCCGCT 


1320 


GTCCTGGCCC 


ACATGGAGGC 


CACGGGGGTG 


CGCCTGGACG TGGCCTATCT 


CAGGGCCTTG 


1380 


TCCCTGGAGG 


TGGCCGGGGA 


GATCGCCCGC 


CTCGAGGCCG AGGTCTTCCG 


CCTGGCCGGC 


1440 


CACCCCTTCA 


ACCTCAACTC 


CCGGGACCAG 


CTGGAAAGGG 


TCCTCTTTGA 


CGAGCTAGGG 


1500 


cttcccgcca 


TCGGCAAGAC 


GGAGAAGACC 


GGCAAGCGCT 


CCACCAGCGC 


CGCCGTCCTG 


1560 


GAGGCCCTCC 


GCGAGGCCCA 


CCCCATCGTG 


GAGAAGATCC 


TGCAGGCATG 


CAAGCTTGCC 


1620 


ACTGGCCGTC 


GTTTTACAAC 


GTCGTGA 








1647 
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@2?J## : 10 
BBfllOftS = 2088 i&mtt 

muom : $® 
h#ns/- ; mm 

62#I©«K : DNA(genomic) 

ATCAATTCGG GGATGCTGCC CCTCTTTGAG 
CACCACCTGG CCTACCGCAC CTTCCACGCC 
CGGGTGCAGG CGGTCTACGG CTTCGCCAAG 
GACGCGGTGA TCGTCGTCTT TGACGCCAAC 
GGGTACAAGG CGGGCCGGGC CCCCACGCCG 
AAGGAGCTGG TGGACCTCCT GGGGCTGGCG 
GACGTCCTGG CCAGCCTGGC CAAGAAGGCG 
ACCGCCGACA AAGAC CTTTA CCAGCTCCTT 
GGGTACCTCA TCACCCCGGC CTGGCTTTGG 
GCCGACTACC GGG CCCTGAC CGGGGACGAG 
GGGGAGAAGA CGGCGAGGAA GCTTCTGGAG 
AACCTGGACC GGCTGAAGCC CGCCATCCGG 
AAGCTCTCCT GGGACCTGGC CAAGGTGCGC 
AAAAGGCGGG AGCCCGACCG GGAGAGGCTT 
AGCCTCCTCC ACGAGTTCGG CCTTCTGGAA 
CCCCCGCCGG AAGGGGCCTT CGTGGGCTTT 
GATCTTCTGG CCCTGGCCGC CGCCAGGGGG 
AAAGCCCTCA GGGACCTGAA GGAGGCGCGG 
GCCCTGAGGG AAGGCCTTGG CCTCCCGCCC 
CTGGACCCTT CCAACACCAC CCCCGAGGGG 
GAGGAGGCGG GGGAGCGGGC CGCCCTTTCC 
CTTGAGGGGG AGGAGAGGCT CCTTTGGCTT 
GTCCTGGCCC ACATGGAGGC CACGGGGGTG 
TCCCTGGAGG TGGCCGGGGA GATCGCCCGC 
CACCCCTTCA ACCTCAACTC CCGGGACCAG 
CTTCCCGCCA TCGGCAAGAC GGAGAAGACC 
GAGGCCCTCC GCGAGGCCCA CCCCATCGTG 
AAGCTGAAGA GCACCTACAT TGACCCCTTG 
CTCCACACCC GCTTCAACCA GACGGCCACG 



CCCAAGGGCC 


GGGTCCTCCT 




D U 


CTGAAGGGCC 


TCACCACCAG 




xZ u 


AGCCTCCTCA 


AGGCCCTCAA 




lot) 


GCCCCCTCCT 


TCCGCCACGA 


GG CCTACG GG 


240 


GAGGACTTTC CCCGGCAACT 


CGCCCTCATC 


300 


CGCCTCGAGG 


TCCCGGGC7A 


CGAGGCGGAC 


360 


GAAAAGGAGG 


GCTACGAGGT 


CCGCATCCTC 


420 


TCCGACCGCA TCCACGTCCT 


CCACCCCGAG 


480 


GAAAAGTACG 


GCCTGAGGCC 


CGACCAGTGG 


540 


TCCGACAACC 


TTCCCGGGGT 


CAAGGGCATC 


600 


GAGTGGGGGA GCCTGGAAGC 


CCTCCTCAAG 


660 


GAGAAGATCC TGGCCCACAT 


GGACGATCTG 


720 


ACCGACCTGC 


CCCTGGAGGT 


GGACTTCGCC 


780 


AGGGCCTTTC 


TGGAGAGGCT 


TGAGTTTGGC 


840 


AGCCCCAAGG 


C CCTGGAGGA 


GGCCCCCTGG 


900 


GTGCTTTCCC 


GCAAGGAGCC 


CATGTGGGCC 


Q c rs 


GGCCGGGTCC 


ACCGGGCCCC 


CGAGCCTTAT 


1020 


GGGCTTCTCG 


CCAAAGACCT 


GAGCGTTCTG 


1080 


GGCCACGACC 


CCATGCTCCT 


CGCCTACCTC 


114 0 


GTGGCCCGGC 


GCTACGGCGG 


GGAGTGGACG 


1200 


GAGAGGCTCT 


TCGCCAACCT 


GTGGGGGAGG 


1260 


TACCGGGAGG 


TGGAGAGGCC 


CCTTTCCGCT 


1320 


CGCCTGGACG 


TGGCCTATCT 


CAGGGCCTTG 


13B0 


CTCGAGGCCG 


AGGTCTTCCG 


CCTGGCCGGC 


1440 


CTGGAAAGGG 




CGAGCTAGGG 


1500 


GGCAAGCGCT 


CCACCAGCGC 


CGCCGTCCTG 


1560 


GAGAAGATCC 


TGCAGTACCG 


GGAGCTCACC 


1620 


CCGGACCTCA 


TCCACCCCAG 


GACGGGCCGC 


1680 


GCCACGGGCA GGCTAAGTAG 


CTCCGATCCC 


1740 
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AACCTCCAGA ACATCCCCGT CCGCACCCCG CTTGGGCAGA GCSATCCGCCG GGCCTTCATC 18 00 

GCCGAGGAGG GGTGGCTATT GGTGGCCCTG GACTATAGCC AGATAGAGCT CAGGGTGCTG 18 60 

GCCCACCTCT CCGGCGACGA GAACCTGATC CGGGTCTTCC AGGAGGGGCG GGACATCCAC 1920 

ACGGAGACCG CCAGCTGGAT GTTCGGCGTC CCCCGGGAGG CCGTGGACCC CCTGATGCGC 1980 

CGGGCGGCCA AGACCATCAA CTTCGGGGTC CTCTACGGCA TGTCGGCCCA CCGCCTCTCC 2040 

CAGGAGCTAG CTAGCCATCC CTTACGAGGA GGCCCAGGCC TTCATTGA 2036 

@B»-§ : 11 
E#I0£3 : 962 i&&ft . 
: M 

: DNA(genomic) 

ATGAATTCGG GGATGCTGCC CCTCTTTGAG CCCAAGGGCC GGGTCCTCCT GGTGGACGGC 60 

CACCACCTGG CCTACCGCAC CTTCCACGCC CTGAAGGGCC TCACCACCAG CCGGGGGGAG 120 

CCGGTGCAGG CGSTCTACGG CTTCGCCAAG AGCCTCCTCA AGGCCCTCAA GGAGGACGGG 1B0 

GACGCGGTGA TCGTGGTCTT TGACGCCAAG GCCCCCTCCT TCCGCCACGA GGCCTACGGG 240 

GGGTACAAGG CGGGCCGGGC CCCCACGCCG GAGGACTTTC CCCGGCAACT CGCCCTCATC 3 00 

AAGGAGCTGG TGGACCTCCT GGGGCTGGCG CGCCTCGAGG TCCCGGGCTA CGAGGCGGAC 360 

GACGTCCTGG CCAGCCTGGC CAAGAAGGCG GAAAAGGAGG GCTACGAGGT CCGCATCCTC 420 

ACCGCCGACA AAGACCTTTA CCAGCTTCTT TCCGACCGCA TCCACGTCCT CCACCCCGAG 480 

GGGTACCTCA TCACCCCGGC CTGGCTTTGG GAAAAGTACG GCCTGAGGCC CGACCAGTGG 540 

GCCGACTACC GGGCCCTGAC CGGGGACGAG TCCGACAACC TTCCCGGGGT CAAGGGCATC 6 00 

GGGGAGAAGA CGGCGAGGAA GCTTCTGGAG GAGTGGGGGA GCCTGGAAGC CCTCCTCAAG 660 

AACCTGGACC GGCTGAAGCC CGCCATCCGG GAGAAGATCC TGGCCCACAT GGACGATCTG 720 

AAGCTCTCCT GGGACCTGGC CAAGGTGCGC ACCGACCTGC CCCTGGAGGT GGACTTCGCC 780 

AAAAGGCGGG AGCCCGACCG GGAGAGGCTT AGGGCCTTTC TGGAGAGGCT TGAGTTTGGC 840 

AGCCTCCTCC ACGAGTTCGG CCTTCTGGAA AGCCCCAAGT CATGGAGGGG GTGTATCCCC 300 

TGGCCGTGCC CCTGGAGGTG GAGGTGGGGA TAGGGGAGGA CTGGCTCTCC GCCAAGGAGT 9 GO 

GA 962 



gfi»*f : 12 
KIWSS : 1600 
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mom : r#» 

: DNA(genomic) 



ATGGAATTCG 


GGGATGCTGC 


CCCTCTTTGA GCCCAAGGGC 


CGGGTCCTCC 


TGGTGGACGG 


60 


CCACCACCTG 


GCCTACCGCA 


CCTTCCACGC 


CCTGAAGGGC 


CTCACCACCA 


GCCGGGGGGA 


120 


GCCGGTGCAG 


GCGGTCTACG 


GCTTCGCCAA 


GAGCCTCCTC 


AAGGCCCTCA 


AGGAGGACGG 


180 


GGACGCGGTG ATCGTGGTCT TTGACGCCAA GGCCCCCTCC TTCCGCCACG AGGCCTACGG 


240 


GGGGTACAAG 


GCGGGCCGGG 


CCCCCACGCC 


GGAGGACTTT 


CCCCGGCAAC 


TCGCCCTCAT 


300 


CAAGGAGCTG 


GTGGACCTCC 


TGGGGCTGGC 


GCGCCTCGAG 


GTCCCGGGCT 


ACGAGGCGGA 


360 


CGACGTCCTG 


GCCAGCCTGG 


CCAAGAAGGC 


GGAAAAGGAG 


GGCTACGAGG 


TCCGCATCCT 


420 


CACCGCCGAC 


AAAGACCTTT 


ACCAGCTCCT 


TTCCGACCGC 


ATCCACGTCC 


TCCACCCCGA 


4B0 


GGGGTACCTC 


ATCACCCCGG 


CCTGGCTTTG 


GGAAAAGTAC 


GGCCTGAGGC 


CCGACCAGTG 


540 


GGCCGACTAC 


CGGGCCCTGA 


CCGGGGACGA 


GTCCGACAAC 


CTTCCCGGGG 


TCAAGGGCAT 


600 


CGGGGAGAAG 


ACGGCGAGGA ACCTTCTGGA GGAGTGGGGG AGCCTGGAAG 


CCCTCCTCAA 


660 


GAACCTGGAC 


CGGCTGAAGC 


CCGCCATCCG 


GGAGAAGATC CTGGCCCACA 


TGGACGATCT 


720 


GAAGCTCTCC TGGGACCTGG CCAAGGTGCG CACCGACCTG CCCCTGGAGG TGGACTTCGC 


780 


CAAAAGGCGG 


GAGCCCGACC 


GGGAGAGGCT 


TAGGGCCTTT 


CTGGAGAGGC 


TTGAGTTTGG 


840 


CAGCCTCCTC 


CACGAGTTCG 


GCCTTCTGGA 


AAGCCCCAAG 


ATCCGCCGGG 


CCTTCATCGC 


900 


CGAGGAGGGG 


TGGCTATTGG 


TGGCCCTGGA 


CTATAGCCAG 


ATAGAGCTCA 


GGGTGCTGGC 


960 


CCACCTCTCC 


GGCGACGAGA 


ACCTGATCCG 


GGTCTTCCAG 


GAGGGGCGGG 


ACATCCACAC 


1020 


GGAGACCGCC 


AGCTGGATGT 


TCGGCGTCCC 


CCGGGAGGCC 


GTGGACCCCC 


TGATGCGCCG 


1080 


GGCGGCCAAG 


ACCATCAACT 


TCGGGGTCCT 


CTACGGCATG 


TCGGCCCACC 


GCCTCTCCCA 


114 0 


GGAGCTAGCC 


ATCCCTTACG 


AGGAGGCCCA 


GGCCTTCATT 


GAGCGCTACT 


TTCAGAGCTT 


1200 


CCCCAAGGTG 


CGGGCCTGGA 


TTGAGAAGAC 


CCTGGAGGAG 


GGCAGGAGGC 


GGGGGTACGT 


1260 


GGAGACCCTC 


rrcGGCCGcc 


GCCGCTACGT 


GCCAGACCTA 


GAGGCCCGGG 


TGAAGAGCGT 


1320 


GCGGGAGGCG 


GCCGAGCGCA 


TGGCCTTCAA 


CATGCCCGTC 


CGGGGCACCG 


CCGCCGACCT 


1380 


CATGAAGCTG 


GCTATGGTGA 


AGCTCTTCCC 


CAGGCTGGAG 


GAAATGGGGG 


CCAGGATGCT 


1440 


CCTTCAGGTC 


CACGACGAGC 


TGGTCCTCGA 


GGCCCCAAAA 


GAGAGGGCGG 


AGGCCGTGGC 


1500 


CCGGCTGGCC 


AAGGAGGTCA 


TGGAGGGGGT 


GTATCCCCTG 


GCCGTGCCCC 


TGGAGGTGGA 


1560 


GGTGGGGATA GGGGAGGACT GGCTCTCCGC CAAGGAGTGA 






1600 
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ffi?J#^ : 13 

mmo&z • 36 i&g*r 
mnom ■■ n 
mo® : -&m 

: DNA(genomic) 

CACGAATTCG GGGATGCTGC CCCTCTTTGA GCCCAA 

mm&% •■ 14 

mn(D&2 : 34 i&S*f 

mmom : 

iB^JOS^ : DNA(genomic) 

GTGAGATCTA TCACTCCTTG GCGGAGAGCC AGTC 

: is 

ffi?iJ©*S : 91 i&Mitt 

h#D$/--:iMM* 
K#I©lfiJH : DNA(genomic) 

TAATACGACT CACTATAGGG AGACCGGAAT TCGAGCTCGC CCGGGCGAGC TCGAATTCCG 
TGTATTCTAT AGTGTCACCT AAATCGAATT C 
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E5>J#3- : 16 
@^JCDJ|2 : 20 &S*f 

&mom ■ mm. 
mom. -#« 

SB^iOSM : DNA(genomic) 

TAATACGACT CACTATAGGG 2 0 

83?!l#-f : 17 
mW-BkH : 27 

mnom ■. mm 
mom. : 

E^J^S^ : DNA(genomic) 

GAATTCGATT TAGGTGACAC TATAGAA 

27 

: 18 

mmo&z : 31 
gs?'j©s : mm 
mom. -#*g 

g2?lJ<D@^ : DNA(genomic) 
SE*'J 

GTAATCATGG TCATAGCTGG TAGCTTGCTA C 31 
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@a?J#^ : 19 

mno® ■■ mm 
mom : -*m 

MPKDmM : DNA(genomic) 

GGATCCTCTA GAGTCGACCT GCAGGCATGC CTACCTTGGT 

mnm^r ■. 20 
mmv&is : 30 t&mn 
mmom ■ mm 
mom : 

BS^iJtD^^ : DNA(genomic) 

GGATCCTCTA GAGTCGACCT GCAGGCATGC 

mnm^r : 21 

mflV>&2 : 2502 

ib^'Jom : mm 

W { l(DW& : DNA(genomic) 
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ATGAATTCGG GGATGCTGCC CCTCTTTGAG CCCAAGGGCC GGGTCCTCCT GGTGGACGGC 60 

CACCACCTGG CCTACCGCAC CTTCCACGCC CTGAAGGGCC TCACCACCAG CCGGGGGGAG 120 

CCGGTGCAGG CGGTCTACGG CTTCGCCAAG AGCCTCCTCA AGGCCCTCAA GGAGGACGGG 18 0 

GACGCGGTGA TCGTGGTCTT TGACGCCAAG GCCCCCTCCT TCCGCCACGA GGCCTACGGG 24 0 

GGGTACAAGG CGGGCCGGGC CCCCACGCCG GAGGACTTTC CCCGGCAACT CGCCCTCATC 300 

AAGGAGCTGG TGGACCTCCT GGGGCTGGCG CGCCTCGAGG TCCCGGGCTA CGAGGCGGAC 360 

GACGTCCTGG CCAGCCTGGC CAAGAAGGCG GAAAAGGAGG GCTACGAGGT CCGCATCCTC 420 

ACCGCCGACA AAGACCTTTA CCAGCTCCTT TCCGACCGCA TCCACGTCCT CCACCCCGAG 48 0 

GCGTACCTCA TCACCCCGGC CTGGCTTTGG GAAAAGTACG GCCTGAGGCC CGACCAGTGG 54 0 

GCCGACTACC GGGCCCTGAC CGGGGACGAG TCCGACAACC TTCCCGGGGT CAAGGGCATC 6 00 

GGGGAGAAGA CGGCGAGGAA GCTTCTGGAG GAGTGGGGGA GCCTGGAAGC CCTCCTCAAG 660 

AACCTGGACC GGCTGAAGCC CGCCATCCGG GAGAAGATCC TGGCCCACAT GGACGATCTG 720 
AAGCTCTCCT GGGACCTGGC CAAGGTGCGC ACCGACCTGC CCCTGGAGGT GGACTTCGCC 780 

AAAAGGCGGG AGCCCGACCG GGACAGGCTT AGGGCCTTTC TGGAGAGGCT TGAGTTTGGC 84 0 

AGCCTCCTCC ACGAGTTCGG CCTTCTGGAA AGCCCCAAGG CCCTGGAGGA GGCCCCCTGG 900 

CCCCCGCCGG AAGGGGCCTT CGTGGGCTTT GTGCTTTCCC GCAAGGAGCC CATGTGGGCC 960 

GATCTTCTGG CCCTGGCCGC CGCCAGGGGG GGCCGGGTCC ACCGGGCCCC CGAGCCTTAT 1020 

AAAGCCCTCA GGGACCTGAA GGAGGCGCGG GGGCTTCTCG CCAAAGACCT GAGCGTTCTG 10 BO 

CCCCTCAGCG AAGGCCTTGG CCTCCCGCCC GGCGACGACC CCATGCTCCT CGCCTACCTC 1140 

CTGGACCCTT CCAACACCAC CCCCGAGGGG GTGGCCCGGC GCTACGGCGG GGAGTGGACG 1200 

GAGGAGGCGG GGGAGCGGGC CGCCCTTTCC GAGAGGCTCT TCGCCAACCT GTGGGGGAGG 1260 

CTTGAGGGGG AGGAGAGGCT CCTTTGGCTT TACCGGGAGG TGGAGAGGCC CCTTTCCGCT 1320 

GTCCTGGCCC ACATGGAGGC CACGGGGGTG CGCCTGGACG TGGCCTATCT CAGGGCCTTG 1380 

TCCCTGGAGG TGGCCGGGGA GATCGCCCGC CTCGAGGCCG AGGTCTTCCG CCTGGCCGGC 1440 

CACCCCTTCA ACCTCAACTC CCGGGACCAG CTGGAAAGGG TCCTCTTTGA CGAGCTAGGG 1500 

CTTCCCGCCA TCGGCAAGAC GGAGAAGACC GGCAAGCGCT CCACCAGCGC CGCCGTCCTG 1560 

GAGGCCCTCC GCGAGGCCCA CCCCATCGTG GAGAAGATCC TGCAGTACCG GGAGCTCACC 1620 

AAGCTGAAGA GCACCTACAT TGACwCCTTG CCGGACCTCA TCCACCCCAG GACGGGCCGC 1680 

CTCCACACCC GCTTCAACCA GACG3CCACC GCCACGGGCA GGCTAAGTAG CTCCGATCCC 1740 

AACCTCCAGA ACATOCCCGT CCGCACCCCG CTTG3GCAGA GGATCCGCCG GGCCTTCA7C 1800 

GCCGAGGAGG GGTGGCTATT GGTGGCCCTG GACTATAGCC AGATAGAGCT CAGGGTGCTG 1860 

GCCCACCTCT CCGGCGACGA GAACCTGATC CGGGTCTTCC AGGAGGGGCG GGACATCCAC 1920 

ACGGAGACCG CCAGCTGGAT GTTCGGCGTC CCCCGGGAGG CCGTGGACCC CCTGATGCGC 198 0 

CGGGCGGCCA AGACCATCAA CTTCGGGGTC CTCTACGGCA TGTCGGCCCA CCGCCTCTCC 2040 

CAGGAGCTAG CCATCCCTTA CGAGGAGGCC CAGGCCTTCA TTGAGCGCTA CTTTCAGAGC 2100 

TTCCCCAAGG TGCGGGCCTG GATTGAGAAG ACCCTGGAGG AGGGCAGGAG GCGGGGGTAC 216 0 
GTGGAGACCC TCTTCGGCCG CCGCCGCTAC GTGCCAGACC TAGAGGCCCG GGTGAAGAGC 2220 
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GTGCGGGAGG CGGCCGAGCG CATGGCCTTC AACATGCCCG TCCGGGGCAC CGCCGCCGAC 
CTCATGAAGC TGGCTATGGT GAAGCTCTTC CCCAGGCTGG AGGAAATGGG GGCCAGGATG 
CTCCTTCAGG TCCACGACGA GCTGGTCCTC GAGGCCCCAA AAGAGAGGGC GGAGGCCGTG 
GCCCGGCTGG CCAAGGAGGT CATGGAGGGG GTGTATCCCC TGGCCGTGCC CCTGGAGGTG 
GAGGTGGGGA TAGGGGAGGA CTGGCTCTCC GCCAAGGAGT GA 

• 22 

£5110*3 : 19 
Sa^J©*!^ : DNA(genomic) 

GATTTAGGTG ACACTATAG 



I3^J#^ : 23 
mm<D&2 : 72 i&Mtt 

gt!£lJCDifIig : DNA(genomic) 

CGGACGAACA AGCGAGACAG CGACACAGGT ACCACATGGT ACAAGAGGCA AGAGAGACGA 
CACAGCAGAA AC 



E?!l## : 24 

mmo&z ■. 70 i&mm 
mom. : -#« 
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ffiPMDMM : DNA(genomic) 

GTT7CTGCTG TGTCGTCTCT CTTGCCTCTT GTACCATGTG GTACCTGTGT 
CTTGTTCGTC 

rnnm^- : 25 
mmo&z •■ 20 t&mn 

ma®. : -#« 

MPIOMM : DNA(genomic) 

GACGAACAAG CGAGACAGCG 

mmm^r ■. 26 
mmo&z 1 24 i&mtt 

mom •. -*«s 

E^'JO^IS : DNA(genomic) 

GTTTCTGCTG TGTCGTCTCT CTTG 

Efll## : 27 

ffi^J : 46 tg&M 

mom : -*« 

g6?iJ£>*13S : DNA(genomic) 
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CCTCTTGTAC CATGTGGTAC CTGTGTCGCT GTCTCGCTTG TTCGTC 



46 



mW%% : 28 
ffi?>J4):ft£ : 50 tg&tt 

mam : 

IB#1<DSIM : DNA(genomic) 

ACACAGGTAC CACATGGTAC AAGAGGCAAG AGAGAC6ACA CAGCAGAAAC 

@B^J#^ : 29 
@g?'J<Dft£ : 15 75^t 
@a^J©M : 7 z y if 
^©IK : -«! 
b*D^'- : 

Met Ala Ser Met Thr Gly Gly Gin Gin Met Gly Arg He Asn Ser 
1 5 10 i 5 

mm^ 30 

mnCD&2 : 969 i&S*f 

mncom ■■ mm 

SB^J^S^ : DNA(genomic) 

mn 
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ATGGCTAGCA TGACTGGTGG ACAGCAAATG 
TTTGAGCCCA AGGGCCGGGT CCTCCTGGTG 
CACGCCCTGA AGGGCCTCAC CACCAGCCGG 
GCCAAGAGCC TCCTCAAGGC CCTCAAGGAG 
GCCAAGGCCC CCTCCTTCCG CCACGAGGCC 
ACGCCGGAGG ACTTTCCCCG GCAACTCGCC 
CTGGCGCGCC TCGAGGTCCC GGGCTACGAG 
AAGGCGGAAA AGGAGGGCTA CGAGGTCCGC 
CTTCTTTCCG ACCGCATCCA CGTCCTCCAC 
CTTTGGGAAA AGTACGGCCT GAGGCCCGAC 
GACGAGTCCG ACAACCTTCC CGGGGTCAAG 
CTGGAGGAGT GGGGGAGCCT GGAAGCCCTC 
ATCCGGGAGA AGATCCTGGC CCACATGGAC 
GTGCGCACCG ACCTGCCCCT GGAGGTGGAC 
AGGCTTAGGG CCTTTCTGGA GAGGCTTGAG 
CTGGAAAGCC CCAAGTCATG GAGGGGGTGT 
TGGGGATAG 



GGTCGGATCA ATTCGGGGAT GCTGCCCCTC 
GACGGCCACC ACCTGGCCTA CCGCACCTTC 
GGGGAGCCGG TGCAGGCGGT CTACGGCTTC 
GACGGGGACG CGGTGATCGT GGTCTTTGAC 
TACGGGGGGT ACAAGGCGGG CCGGGCCCCC 
CTCATCAAGG AGCTGGTGGA CCTCCTGGGG 
GCGGACGACG TCCTGGCCAG CCTGGCCAAG 
ATCCTCACCG CCGACAAAGA CCTTTACCAG 
CCCGAGGGGT ACCTCATCAC CCCGGCCTGG 
CAGTGGGCCG ACTACCGGGC CCTGACCGGG 
GGCATCGGGG AGAAGACGGC GAGGAAGCTT 
CTCAAGAACC TGGACCGGCT GAAGCCCGCC 
GATCTGAAGC TCTCCTGGGA CCTGGCCAAG 
TTCGCCAAAA GGCGGGAGCC CGACCGGGAG 
TTTGGCAGCC TCCTCCACGA GTTCGGCCTT 
ATCCCCTGGC CGTGCCCCTG GAGGTGGAGG 



: 31 

KFJtDfiS : 948 JfiS*T 
ffifll^SS : DNA(genomic) 
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ATGGCTAGCA TGACTGGTGG ACAGCAAATG GGTCGGATCA ATTCGGGGAT GCTGCCCCTC 60 

TTTGAGCCCA AGGGCCGGGT CCTCCTGGTG GACGGCCACC ACCTGGCCTA CCGCACCTTC 120 

CACGCCCTGA AGGGCCTCAC CACCAGCCGG GGGGAGCCGG TGCAGGCGGT CTACGGCTTC 1B0 

GCCAAGAGCC TCCTCAAGGC CCTCAAGGAG GACGGGGACG CGGTGATCGT GGTCTTTGAC 24 0 

GCCAAGGCCC CCTCCTTCCG CCACGAGGCC TACGGGGGGT ACAAGGCGGG CCGGGCCCCC 300 

ACGCCGGAGG ACTTTCCCCG GCAACTCGCC CTCATCAAGG AGCTGGTGGA CCTCCTGGGG 360 

CTGGCGCGCC TCGAGGTCCC GGGCTACGAG GCGGACGACG TCCTGGCCAG CCTGGCCAAG 420 

AAGGCGGAAA AGGAGGGCTA CGAGGTCCGC ATCCTCACCG CCGACAAAGA CCTTTACCAG 480 

CTTCTTTCCG ACCGCATCCA CGTCCTCCAC CCCGAGGGGT ACCTCATCAC CCCGGCCTGG 540 

CTTTGGGAAA AGTACGGCCT GAGGCCCGAC CAGTGGGCCG ACTACCGGGC CCTGACCGGG 600 

GACGAGTCCG ACAACCTTCC CGGGGTCAAG GGCATCGGGG AGAAGACGGC GAGGAAGCTT 6 60 

CTGGAGGAGT GGGGGAGCCT GGAAGCCCTC CTCAAGAACC TGGACCGGCT GAAGCCCGCC 72 0 

ATCCGGGAGA AGATCCTGGC CCACATGGAC GATCTGAAGC TCTCCTGGGA CCTGGCCAAG 780 

GTGCGCACCG ACCTGCCCCT GGAGGTGGAC TTCGCCAAAA GGCGGGAGCC CGACCGGGAG 84 0 

AGGCTTAGGG CCTTTCTGGA GAGGCTTGAG TTTGGCAGCC TCCTCCACGA GTTCGGCCTT 900 

CTGGAAAGCC CCAAGGCCGC ACTCGAGCAC CACCACCACC ACCACTGA 948 

: 32 
• 206 

KElOfflH : DNA(genomic) 

un 

CGCCAGGGTT TTCCCAGTCA CGACGTTGTA AAACGACGGC CACTGAATTG TAATACGACT 60 

CACTATAGGG CGAATTCGAG CTCGGTACCC GGGGATCCTC TAGAGTCGAC CTGCAGGCAT 12 0 

GCAAGCTTGA GTATTCTATA GTGTCACCTA AATAGCTTGG CGTAATCATG GTCATAGCTG 180 

TTTCCTGTGT GAAATTGTTA TCCGCT 206 



gg?ij#^t : 33 
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mno&z : 43 i&mn 
mom : -*» 

tm<DU& • DNA(genomic) 

TTCTGGGTTC TCTGCTCTCT GGTCGCTGTC TCGCTTGTTC GTC 

: 34 

KJUOfiS : 19 WMM 

mom. : -#m 

E^J^a^ : DNA(genomic) 

GCTGTCTCGC TTGTTCGTC 

I2^J#^- : 35 
gH?'J<0JI3 : 20 

: 

B2#l<OS5l : DNA(genomic) 

GACGAACAAG CGAGACAGCG 

ffi5"J#-f§- : 36 
B25»J©J*S : 24 Jfi»# 
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mom : -#« 

ffi,W<VBM ■ DNA(genomic) 

TTCTGG5TTC TCTGCTCTCT GGTC 

mpm% • 37 

IB?lJ(D:ft£ : 43 

mz>& ■■ -*« 

8B$I0)J1& : DNA(genomic) 

GACGAACAAG CGAGACAGCG ACCAGAGAGC AGAGAACCCA GAA 
: 38 

ffi^lOfi^ : 23 3&S*f 
B^OSl : 

S3?!J£>*Iil : DNA(genomic) 

ACCAGAGAGC AGAGAACCCA GAA 

@3?<J#^ : 39 

82*11 ©fiS : 21 i&m% 



-295- 



&P\0)MM : DNA(genomic) 

AACAGCTATG ACCATGATTA C 

E7»JCD:BS : 60 Jftgjtt 

mom ■ -#« 

ifi^J (DMM •■ DNA(genomic) 

mn 

GTTCTCTGCT CTCTGGTCGC TGTCTCGCTT GTGAAACAAG CGAGACAGCG TGGTCTCTCG 
: 41 

SS^JtOffi^ : DNA(genomic) 

CGAGAGACCA CGCTG 

gg?J#^ : 42 
m?}<D%2 : 52 j&*#r 

item : -*m 

BE#JE>S!IH : DNA(genotnic) 
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CCTTTCGCTT TCTTCCCTTC CTTTCTCGCC ACGTTCGCCG GCTTTCCCCG TC 



• 43 

mo& ■■ 

EfllOSS : DNA(genomic) 

AGAAAGGAAG GGAAGAAAGC GAAAGG 

m?m% : 44 
S28J©A3 : 21 ftStf 
: 

IB^JOffiM : DNA(genomic) 

GACGGGGAAA GCCGGCGAAC G 

I2^J## : 45 

: 20 Jfltt^r 

sa#i<os! : mm 
mom. : -*» 

iH^'JCOSM : DNA(genomic) 

GAAAGCCGGC GAACGTGGCG 
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ffi?ij#-*? : 46 
K£lJ(D^£ : 21 t&Mtt 

m<om -*« 

@2#J©SIM ■ DNA(genomic) 

GGCGAACGTG GCGAGAAAGG A 

mmm^ 47 
mom ■. -*« 

SB^J^ffi^S : DNA(genomic) 

CCTTTCGCTT TCTTCCCTTC CTTTCTCGCC ACGTTCGCCG GC 

IB?J#-5§- : 48 
ffi#I©£3 ■ 42 i&Mtt 

mmw. : mm 
mo®. ■ -*m. 

I2?!l<£>S^ : DNA(genomic) 

CCTTTCGCTC TCTTCCCTTC CTTTCTCGCC ACGTTCGCCG GC 
' 49 

g£?iJ0>g£ : 27 



-298- 



mom • 

ffi?'JCDS^ : DNA(genomic) 

#8S(££i"lB# : modified_base 
: 8 

mod_base = 

a= r-©^ag(DA®sii2'-o-^^;i/7Ty s/>-c*sj 

AGAAAGGAAG GGAAGAAAGC GAAAGGT 

gg?>JS# : 50 
mmfr&iS : 24 i&S*}" 

gi©& : -*«[ 
MB^iJCD^l^ : DNA(genomic) 

GCCGGCGAAC GTGGCGAGAA AGGA 

@S^J#"t : 51 
@B^JcD^$ : 20 J*£# 
IS?'J©£! : mm 

mow. : -#m 

: DNA(genomic) 
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GGTTTTTCTT TGAGGTTTAG 



BB?!i#-£ : 52 
mPKD&Z : 19 i&Mtt 

mmcom ■ urn 
mom : -*« 

ie^JCDS^ : DNA(genomic) 

GCGACACTCC ACCATAGAT 

EWft-s- : 53 
Kyijoss : 19 

BH^JdDiffifg : DNA (genomic) 

CTGTCTTCAC GCAGAAAGC 

@E?'J#"t : 54 
mW&2 : 19 Jfig# 

mom : -#as 

Eyj©$t£ : DNA(genomic) 

GCACGGTCTA CGAGACCTC 



: 55 

mno&z ■ 20 its#r 
mnom ■■ mm 
m<D& ■ 

UJ!ltf)fI^I : DNA(genomic) 

TAATACGACT CACTATAGGG 

mvm^r : 56 
@2?'JCD^$ : 337 i£g*f 

Kfli©s : mm 

U^JOSIS : RNA(genomic) 

GGGAAAGCUU GCAUGCCUGC AGGUCGACUC UAGAGGAUCU ACUAGUCAUA UGSAUUCUGU 
CUUCACGCAG AAAGCGUCUG GCCAUGGCGU UAGUAUGAGU GUCGUGCAGC CUCCAGGACC 
CCCCCUCCCG GGAGAGGCAU AGUGGUCUGC GGAACCGGUG AGUACACCGG AAUUGCCAGG 
ACGACCGGGU CCUUUCUUGG AUAAACCCGC UCAAUGCCUG GAGAUUUGGG CGUGCCCCCG 
CAAGACTJGCU AGCCGAGOAG UGUUGGGUCG CGAAAGGCCU UGUGGUACUG CCUGAUAGGG 
UGCCUGCGAG UGCCCCGGGA GGUCCJCGUAG ACCGUGC 

: 57 

mwn-.mm 
mom ■. -m 

&!^JO*I?§ : DNA(genomic) 
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W&*%.ti&^i ■■ miscjeature 
: 18 

£ = r Z £>ftg£> N f±#Jfi£tt(abaaic) U>*-±fl)7^Hr>f 

CCGGTCGTCC TGGCAATNCC 20 

@S^J#^ : 58 
SS^ll©g$ : 24 

: desc= TDNAJ 

GTTTATCCAA GAAAGGACCC GGTC 24 

K?!J#^ : 59 
@S?IJ©«£ : 30 i&SM ' 

mnow. •. mm 
mom : -#«t 

@E£lJtf)}13S : DNA(genomic) 

CAGGGTGAAG GGAAGAAGAA AGCGAAAGGT 30 
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mjm^r : 60 
mm®&-$ ■ 30 i&mn 
mm®®. • mm 
mom •. -m 
h;i<p^- : mm 

WFIOUM : DNA(genomic) 

CAGGGGGAAG GGAAGAAGAA AGCGAAAGGT 30 

I2«-*f : 61 

mm<D&z : 22 

gi©& : -*m 

@2^J©jfflM : DNA(genomic) 

^^C^^TsB-^" : modified_base 
^ffiS : 1..2 

mod_base = "5" (D-ffe 

22 

TTCTTTTCAC CAGCGAGACG GG 

@2^IJ## : 62 

nmn&z • 22 
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EflNDHS ' DNA(genomic) 

ATTGGGCGCC AGGGTGGTTT TT 

Efll## : 63 
ETOOfi* : 53 ifiS*f 

mno®. ■■ mm 

h#D^- : M** 
Ig^ItfDSllI : DNA(genomic) 

CCCGTCTCGC TGGTGAAAAG AAAAACCACC CTGGCGCCCA ATACGCAAAC 

@E?IJ#-5§- : 64 
SB^lJO^^ : 31 i&mn 

mn®m • mm 

E8I©j|I3H : DNA(genomic) 

GAATTCGATT TAGGTGACAC TATAGAATAC A 

H2?J## : 65 
E?IJ©S^ : 42 t&mtt 

@e»M ■■ mm 

gBF'JcE"*!^ : DNA(genomic) 
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mm 

CCTTTCGCTT TCTTCCCTTC CTTTCTCGCC ACGTTCGCCG GC 

gg?ij#^ : 66 

mmo&z : 24 t&mtt 
mnom ■■ mm 
mom : -m 

S2#I0S£ : DNA(genomic) 

GCCGGCGAAC GTGGCGAGAA AGGA 

B8IM- : 67 

mmo-gcz : 26 t&mn 
&mv>®. ■ mm 
mom : -*m 

ffi?iJ©H!K : DNA(genomic) 

CAGAAGGAAG GGAAGAAAGC GAAAGG 

S3^J#-t : 68 
PJ©IJ : 26 

@2^j©s : mm 
mo®. 

ffi^JWaS : DNA(genomic) 

CAGGGGGAAG GGAAGAAAGC GAAAGG 
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IH^j#-5§ : 69 
mnCD&i! : 26 Jfigft 

m<om 

SE^J^S^ : DNA(genomic) 

CAGGGTACAG GGAAGAAAGC GAAAGG 

K2W#t : 70 
3B*I0*S : 24 i&S*f 

mm : desc= TDNAJ 

Wm*$i-tm^ : modified_base 
: 24 

ft = r d (DitLW.(DB& ItfrTt* i/ */ 1- *Jy T'&Zl 

S3?'J 

CCCGGCGAAC GTGGCGAGAA AGGC 

S2^J#-§- : 71 
@2^J©*^ : 28 i&mtt 
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mm ■ desc-TDNAj 

Si 1" : misc„difference 
: g&(27, rj) 

<fi©fl*IR : & = I" C Cy3 7^ ^-f MSfefifirT***— fr- 

«rtS&3&1"E* : modified.base 
: 28 

m= r z £>McD$£g «±s> x /t- # * *> f - > t? & * j 

AGAAAGGAAG GGAAGAAAGC GAAAGGKC 28 

@2^ij£D^$ : 29 

t&m : desc= TDNAj 

#{$£^1"!B-t : misc_difference 
^ftffltt : EJftd, rj) 
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ErSSfe^1"§B# : misc.difference 
»&S : M&(28, rj) 

WflS'fe^'fSa-t : modified_base 
: 29 

fl&ClfS : modJ>ase = *©ffi 

a = r c cd&e^) a* i±^x # * ^> % >^>* > t* * « j 

NAGAAAGGAA GGGAAGAAAG CGAAAGGNC 29 

S2?iJ#^ : 73 
B2?>J©ft£ : 27 i£**f 
@2^J£DM : « 

@a^ij(OMs : m<omm 

Wtm : desc=rDNAj 

^t"t"i3-§- : misc_difference 
: B&U, rj) 

-C*'*J" 

27 

NAGAAAGGAA GGGAAGAAAG CGAAAGG 

S2?J#^ : 74 
E?IJ©fi^ : 29 
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b#D^'- : mm®. 

l&ffl : desc= TDNAJ 

#f£&£^f IB-t : misc_difference 

^i"IS# • misc_difference 
#£#8 : §g§(28, rj) 

29 

NAGAAAGGAA GGGAAGAAAG CGAAAGGNT 

@B?|J## : 75 
@2?iJ©:ft£ : 24 i&SM 

mmm ■. mm 

1SLm ■ desc= TDNAJ 

24 

GGAAAGCCGG CGAACGTGGC GAGA 

•• 76 

flB5!l©ft3 : 26 i&fi*f 
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BE #1030 : &gg 

m<om : -*« 

Hft^B : desc= TDNAJ 

26 

GGAAAGCCGG CGAACGTGGC GAGAAA 

BE^J#"t : 77 
IB^JO^;* : 25 Jfigfcf 

M : desc= TDNAJ 

! HHt& ! &^'f!B-§- : misc_difference 
#fcffiB : B&U, Tj) 

: modified_base 

: 2..3 

&= rc:*i5>offiB«)««»f*in*^7 5yiSfe5&-r5j 

8MS%^TIB# : misc.difference 
: B&(24, N) 
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NTTCCAGAGC CTAATTTGCC AGTNA 25 

m?m^ : 78 

: 24 MM 

gfcfE : desc= TDNAJ 

^$t£Sftl5-5§- : modified_base 
#£&§l : 1 
fflKDtfSI : mod_base = 

^flSft^-^Sa-i- : misc_difference 
: M&(23, rj) 

24 

TTCCAGAGCC TAATTTGCCA GTNA 

E?»J#^ : 79 
BB?lJtf);ft£ : 25 i£S*f 
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m% ■ desc=fDNAj 

mm 

CTTACCAACG CTAACGAGCG TCTTG 2 5 

moan : -*m 

IftBJ : desc= TDNAJ 

f#?tSl£:iSt"3"p2"S§" : misc_difference 
^fefig : a&(14, rj) 

fifeOffS : & = riOffi«6Daafitt***tt(abasic)'JaH-^fcM't*J 

CGAGAGACCA CGCT l4 

mm<om ■. &m 
mom -*m 

h;J<D^- : lift 

1^09 : desc=rDNAJ 

ffiffli'&^.'fs&^i '■ misc_difference 
: K&(14. fj) 
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CGAGAGACCA CGCT 14 



layiJS-t : 82 

nm<z>-&z : 15 ns*f 

ETHOS : $R 
: -#« 

1£BJJ : desc= TDNAj 

W$k%.M~$'a& J % '• misc_difference 
: K&(15, rj) 

fikcDtflg : & = rc©ftBoa«H:3 , U>»aE'6:**i-*J 

E7!l#-§- : 83 
@S?'J©:ft3 : 43 t&mtt 

mmom - mm 
mom -*« 

fftBJ ■■ desc= TDNAJ 

CCCGTCTCGC TGGTGAAAAG AAAAACCACC CTGGCGCCCA ATA 



-313- 



IBM^ : 84 
BBflKDfiS : 23 i&S*f 

mncom •■ 
mo® ■■ -*m 
h&uy- : mm®: 

mm ■ desc= TDNAJ 

W$L%$z'tsii£r ■ misc_difference 
fffiffiB : a«(16, rj) 

TATTGGGCGC CAGGGNGGTT TTT 

KJU» : 85 
BWUOftS : 23 t&mtt 

i£©& : 

§£Q! ■ desc= TDNAJ 

itfUt^^TIB^" : misc_di£ference 
: 881(16, rj) 

SB^J 

TATTGGGCGC CATGGNGGTT TTT 

mvmn ■■ 86 
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ge»^£ : 23 i&Stt 
m% : desc=rDNAj 

TATTGGGCGC CATGGTGGTT TTT 

: 87 

mw&s : 23 i&s*t 
mom. : 

m% : desc= TDNAJ 

WWL* : misc_difference 
: §&(10, rj) 

^ffiLZ^-tB^ : misc_difference 
M&M : §gl(16, Tj) 

momm &= r 5- -hqi' 

TATTGGGCGN CAGGGNGGTT TTT 



@S?1JS^ : 88 
S2^J£>:g£ : 23 i&S*f 



-315- 



mm : desc= TDNAJ 

W&t^B^- ■ misc_difference 
: 8^(10, Tj) 

lf«*1~l3-§- : misc.difference 
#<Ett« : ««l(16, rj) 

TATTGGGCGN CATGGNGGTT TIT 23 

ie^J#^ : 89- 
ffi5>J©ft3 : 9 

3»£>ffc : -*« 

e#i<d«s : 

IPJ1 : desc=rDNAj 
V&ffli$:M-$'E&-% ■ misc.difference 

fti!©M : ft= rc.©{fcS©»gl*Cy3 7 3^>f h«f«fc fill's 
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^Wi^^ttm : modified.base 
IfSftS : 2.. 3 

{ft£>11f$ : mod_base = j e£Df& 

NTTCACCAG 9 

mm^ ■ 90 

SB^iJCDfi^ : 23 

3% SJ! : desc= TDNAJ 
ft»£^-f§B# :.misc_difference 

^^^"^IH^r : misc_difference 
ftl»fc^"t"iE# : misc_difference 
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<$ffliZ0.t%&f=i : misc_difference 
Iftfii : E&(4, rj) 

ffiKO'HS : £ = r~0#a©8g&2 , x**^S/h'>> 5'.0-(l-f ^^At^ 

It^^^TiS-^ : misc_difference 
fi^ftg : H&(5..6, rj) 

^i^gB-t : misc_difference 
fftti : e«(7..8, 

e*>j©£ms 

43$C£iftIE-§- : misc_difference 
frftttg : S&(9, rj) 

E#J 

GCTCAAGGCA CTCTTGCCTA CGA 23 



M^m^r : 91 
E^J©^ : 27 3&g*f 
E?'J©§!J : &8t 

M(DW : -*» 
E5'J©ffi^ : #©#tB* 
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M : desc^TDNAj 
•ftmZ^ktU^ ■ misc_difference 

stti : s&u, r -» 

^£85:311* ifi-t : misc.difference 
: ■*(2. rj) 

#M£SH"§B-*§- : misc_difference 
: B«(3..4, rj) 

^^^^i"iH# : misc_difference 
: H«<5..6, U) 

fsM^&HTIE-^' : misc_difference 

I®!! : & = rc©&g©^*ti2 , x^^^-y'h-i>'V5 , -0-(l-^7i- : e>'^7> 
fMSSfc^tlB^ : misc_difference 

^&{fcg : s&(8, rj) 
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#8fc£^1~iB-f : misc_difference 

CTCCAACTAC CACAAGTTTA TATTCAG 2 "' 

K8I*4 : 92 
ffifllCDSS : 56 i&g*f 

ft$ : desc-TDNAj 

f#M£*t~!E-§- : misc_difference 
: B«d, rj) 

Wi^^^'t^^ ■ misc_difference 
: K&(2, r J) 

7x-hT*&£j 
4#$Cfc^"$"iE-^ • misc_difference 
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: ESK3. rj) 

: misc.difference 
iSfii : E»(4..5, N) 

f*»fe£*t§a-8§- : misc_difference > 

*?£&s : s»(6, rj> 

f#$fc£^i-§B-^ : misc_difference 
*p£ftg : K&(7, rj) 

ftSt&Si"!!-^- : misc_difference 

t M(8, rj) 

#tgt^^-fia# : misc_difference 
#£ffifll : ®&(9..10, rj) 

:£ = rc:tv^©{tiioa»(*2'r*=¥^7'r^^>5 , -0-d-^^ : e 

y*7.7x-ht'i5j 
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CTGAATATAA ACTTGTGGTA GTTGGAGCIG GTGACGTAGG CAAGAGTGCC TTGACG 



56 



mjm^ : 93 

ge?'j©ji2 : 56 m&M 
mom •. -*« 

mm ■ desc= TDNAJ 

WM^B~t misc_difference 
#£&B : «lfc<l, rj) 

•ftk^lff^ : £= r;0tS©iili2'f^^'>'> ^» 5'-0-(l-f ^-^ / 
!j#^?:S"^"IH-^ : misc_difference 

: wm&, rj) 

?#$[S:3t1~fa*i : misc_difference 
: 5&(3, rj) 

!jt^t*1'S2^ : misc_difference 
: fi«<4..5, rj) 
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ftWlZMtB^ : misc_difference 
: K«(6, rj) 

#^S(^^"f*sB'^' : misc_difference 
#£&g : KJft(7, rj) 

^^t4^i*IB-§" : misc_difference 
#&ftg : fi&(8, rj) 

I2#I©MM» 

#$[£Si~fB-g- : misc_difference 
^ftffiS : g^(9..10, rj) 

mm 

CTGAATATAA ACTTGTGGTA GTTGGAGCTG GTGCCGTAGG CAAGAGTGCC TTGACG 56 



@3?>J## : 94 
@2?IJ©:S£ : 16 i^S^T 
m\<DM : 
«©» : -*« 
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tftBJ : desc=TDNAj 
^fS^^TIfi-^ : misc_difference 

CCGGTCGTCC TGGCAA 

gH^lJ#-^ : 95 

: 13 i&mn 

fi7>J©M : Mi? 

mm : desc= TDNAj 
W$L%^~$~a-% • misc_difference 

: mmi, Tj) 

BB?J 

CCGGTCGTCC TGG 

jE?!J©M$ : 25 i&mtt 

mnnm. : 

nm<omm m^m 

mm : desc= TDNAJ 
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mm 

CAATTCCGGT GTACTCACCG GTTCC 



25 



mwm : mm. 
mow. : 

s^joto : m<omwt 

WLm : desc= TDNAJ 
#IS§:^1"E-^- : misc_difference 

E3F!I<0»« 
^m^^-fSB-^ : modifiedbase 
^Sffig : 2..3 

#CDtit^ : mod_base = ^©f& 

NTTCCAGAG 

8B8I#* : 98 
SSWftS : 30 J£SM 
gc?J£>M : M 
8t<D# : 
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g&HJ! : desc = TDNAJ 

#l!S[£^Tf2# : misc_difference 
: rj) 

*HS&S"f"ii# : misc_difference 

: £ = rdCD^g©M(i2 , 7 r ^^^^-> ; > 5*-0-(l-f- 

^t^-THa-t : misc.difference 

-• KSK3..4, rj) 

EWIS» 
fSIR'Sr^'fE-t : misc.difference 
#&#S : K&(5, Tj) 

#1»fc&1"IB# : misc_difference 

E5>j<D«r« 

f<M8 , fc#*TSB , % : misc_difference 
tfWm : K&(7..8, Tj) 
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^TsE^- : misc.difference 
: B&(9, 

<fttj<Z)fitl8 : & = r^©fflft<D»St±2 , x**^7 ; r>'^>5 , -0-(l-^ : e>'* 

#flS&*i"8B# : misc_difference 
*MEffi* : SjftClO, rj) 

GTAATCTTAC CAACGCTAAC GAGCGTCTTG 30 

M^m^r : 99 

E?!i©&£ 30 mmti 
mnom mm 
mom = -#« 
h^'os;- : a to 

: desc= TDNAj 
£Hft£^i"Kl# : misc_difference 

gffifil : S«l(i..2, rj) 

f^&^TIB^ = misc_difference 
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fttE&W. : M(3, rj) 

&ffi.'&$i1rt{m : misc_difference 
«ftg : g&(4..5, rj) 

?$1St?:^i"s2^- : misc_difference 
*f£ftg : ffi&(6..8, Tj) 

#$(£^i1~§B-§- : misc_difference 

&&i±m ■. tttto. N) 

^^£^TIE-^ : misc_di£ference 
: ««KlO, Tj) 

CCTAATTTGC CAGTTACAAA ATAAACAGCC 30 

: 100 

ffi?U©£S : 42 J&S# 
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: desc=rDNAJ 

ism 

GGGAAAGTCC TCGGAGCCGC GCGGGACGAG CGTGGGGGCC CG 



IH?fJ## : 101 
Kfll0*S : 963 
mncom • TO 

: DNA(genomic) 

«M»«-fiB# : CDS 
fr&ftB *• 1. 960 

ATG GCT AGC ATG ACT GGT GGA CAG CAA ATG GGT CGG ATC AAT TCG GGG 48 
Met Ala Ser Met Thr Gly Gly Gin Gin Met Gly Arg lie Asn Ser Gly 
15 10 IS 

ATG CTG CCC CTC TTT GAG CCC AAG GGC CGG GTC CTC CTG GTG GAC GGC 96 
Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu Leu Val Asp Gly 
20 25 30 

CAC CAC CTG GCC TAC CGC ACC TTC CAC GCC CTG AAG GGC CTC ACC ACC 144 
His His Leu Ala Tyx Arg Thr Phe His Ala Leu Lys Gly Leu Thr Thr 
35 40 45 

AGC CGG GGG GAG CCG GTG CAG GCG GTC TAC GGC TTC GCC AAG AGC CTC 192 
Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe Ala Lys Ser Leu 
50 55 60 

CTC AAG GCC CTC AAG GAG GAC GGG GAC GCG GTG ATC GTG GTC TTT GAC 240 
Leu Lys Ala Leu Lys Glu Asp Gly Asp Ala Val lie Val Val Phe Asp 
65 70 75 80 

GCC AAG GCC CCC TCC TTC CGC CAC GAG GCC TAC GGG GGG TAC AAG GCG 285 
Ala Lvs Ala Pro Ser Phe Arg His Glu Ala Tyr Gly Gly Tyr Lys Ala 
85 ^ 90 95 

GGC CGG GCC CCC ACG CTC GTC CCG CGC GGC TCC GAG GAC TTT CCC CGG 3 36 

Gly Arq Ala Pro Thr Leu Val Pro Arg Gly Ser Glu Asp Phe Pro Arg 
Y y 100 105 HO 

CAA CTC GCC CTC ATC AAG GAG CTG GTG GAC CTC CTG GGG CTG GCG CGC 384 
Gin Leu Ala Leu lie Lys Glu Leu Val Asp Leu Leu Gly Leu Ala Arg 
li5 120 125 
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CTC GAG GTC CCG GGC TAG GAG GCG GAC GAC GTC CTG GCC AGC CTG GCC 
Leu Glu Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Ser Leu Ala 
130 135 140 

AAG AAG GCG GAA AAG GAG GGC TAC GAG GTC CGC ATC CTC ACC GCC GAC 
Lys Lys Ala Glu Lys Glu Gly Tyr Glu Val Arg He Leu Thr Ala Asp 
145 150 155 160 

AAA GAC CTT TAC CAG CTC CTT TCC GAC CGC ATC CAC GTC CTC CAC CCC 
Lys Asp Leu Tyr Gin Leu Leu Ser Asp Arg He His Val Leu H:ls Pro 



165 



170 



GAG GGG TAC CTC ATC ACC CCG GCC TGG CTT TGG GAA AAG TAC GGC CTG 
Glu Gly Tyr Leu He Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu 
180 185 190 

AGG CCC GAC CAG TGG GCC GAC TAC CGG GCC CTG ACC GGG GAC GAG TCC 
Arg Pro Asn Gin Trp Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser 
195 200 205 

GAC AAC CTT CCC GGG GTC AAG GGC ATC GGG GAG AAG ACG GCG AGG AAG 
Asp Ash Leu Pro Gly Val Lys Gly He Gly Glu Lys Thr Ala Arg Lys 
210 215 220 

CTT CTG GAG GAG TGG GGG AGC CTG GAA GCC CTC CTC AAG AAC CTG GAC 
Leu Leu Glu Glu Trp Gly Ser Leu Glu Ala Leu Leu Lys Asn Leu Asp 
225 230 235 240 

CGG CTG AAG CCC GCC ATC CGG GAG AAG ATC CTG GCC CAC ATG GAC GAT 
Arg Leu Lys Pro Ala He Arg Glu Lys He Leu Ala His Met Asp Asp 
245 250 255 

CTG AAG CTC TCC TGG GAC CTG GCC AAG GTG CGC ACC GAC CTG CCC CTG 
Leu Lys Leu Ser Trp Asp Leu Ala Lys Val Arg Thr Asp Leu Pro Leu 
260 265 270 

GAG GTG GAC TTC GCC AAA AGG CGG GAG CCC GAC CGG GAG AGG CTT AGG 
Glu val Asp Phe Ala Lys Arg Arg Glu Pro Asp Arg Glu Arg Leu Arg 
275 2B0 265 

GCC TTT CTG GAG AGG CTT GAG TTT GGC AGC CTC CTC CAC GAG TTC GGC 
Ala Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly 
290 ~ 295 300 

CTT CTG GAA AGC CCC AAG GCC GCA CTC GAG CAC CAC CAC CAC CAC CAC 
2 Su Glu Ser Pro Lys Ala Ala Leu Glu His His His His His His 
305 310 315 320 

TGA 



432 



480 



528 



576 



624 



672 



720 



768 



816 



864 



912 



960 



963 



sew-sf : 102 

mW&Z : 320 7^1 
ffi?J©SI :7^l 
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mm 

Met Ala Ser Met Thr Gly Gly Gin Gin Met Gly Arg He Asn Ser Gly 
1 5 10 15 

Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu Leu Val Asp Gly 
20 25 30 

His Kis Leu Ala Tyr Arg Thr Phe His Ala Leu Lys Gly Leu Thr Thr 
35 * 40 45 

Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe Ala Lys Ser Leu 
50 55 60 

Leu Lys Ala Leu Lys Glu Asp Gly Asp Ala val He Val Val Phe Asp 
65 70 75 80 

Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Gly Gly Tyr Lys Ala 
65 90 95 

Gly Arg Ala Pro Thr Leu Val Pro Arg Gly Ser Glu Asp Phe Pro Arg 
100 105 110 

Gin Leu Ala Leu He Lys Glu Leu Val Asp Leu Leu Gly Leu Ala Arg 
115 120 125 

Leu Glu Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Ser Leu Ala 
130 * 135 * 140 

Lys Lys Ala Glu Lys Glu Gly Tyr Glu Val Arg He Leu Thr Ala Asp 
145 150 155 160 

Lys Asp Leu Tyr Gin Leu Leu Ser Asp Arg He His val Leu His Pro 
165 170 175 

Glu Gly Tvr-Leu He Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu 
180 185 190 

Arg Pro Asp Gin Trp Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser 
19 5 2 00 2 05 

Asp Asn Leu Pro Gly Val Lys Gly He Gly Glu Lys Thr Ala Arg Lys 
210 215 220 

Leu Leu Glu Glu Trp Gly Ser Leu Glu Ala Leu Leu Lys Asn Leu Asp 
225 230 235 240 

Arg Leu Lys Pro Ala Tie Arg Glu Lys He Leu Ala His Met Asp Asp 
24 5 250 25 5 

Leu Lys Leu Ser Trp Asr> Leu Ala Lys Val Arg Thr Asp Leu Pro Leu 
260 265 270 

Glu Val Asp Phe Ala Lys Arg Arg Glu Pro Asp Arg Glu Arg Leu Arg 
275 2B0 285 

Ala Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly 
290 295 300 

Leu Leu Glu Ser Pro Lys Ala Ala Leu Glu His His His His His His 
305 310 315 320 
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ffiyj#-*§- : 103 

mom : -*» 

&Q§ : desc= TDNAJ 

CGATCTCCTC GGCCACCTCC 

S2^J#^ : 104 
ae^UfDft^ : 20 s&mtt 

mnom ■. mst 
mom ■■ -*« 

!£BJ : desc=TDNAj 

GGCGGTGCCC TGGACGGGCA 

gS?iJ#^ : 105 

lajtl OSS : 20 J«» 

mom : -#« 
E5"i©as : 

: desc=rDNAj 



mm 

20 

CCAGCTCGTT GTGGACCTGA 



mm^r : 106 
ffifl|0:gj* : 2505 )£SM 

S3 #10*111 : DNA(genomic) 

: CDS 
^&ftg : 1..2499 

ATG AAT TCG GGG-ATG CTG CCC CTC TTT GAG CCC AAG GGC CGG GTC CTC 48 
Met Asn Ser Gly Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu 
15 10 15 

CTG GTG GAC GGC CAC CAC CTG GCC TAC CGC ACC TTC CAC GCC CTG AAG 96 
Leu Val Asn Gly His His Leu Ala Tyr Arg Thr Phe His Ala Leu Lys 
20 25 30 

GGC CTC ACC -ACC AGC CGG GGG GAG CCG GTG CAG GCG GTC TAC GGC TTC 144 
Gly Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe 
35 40 45 

GCC AAG AGC CTC CTC AAG GCC CTC AAG GAG GAC GGG GAC GCG GTG ATC 192 
Ala Lys Ser Leu lieu Lys Ala Leu Lys Glu Asp Gly Asp Ala Val lie 
50 55 60 

GTG GTC TTT GAC GCC AAG GCC CCC TCC TTC CGC CAC GAG GCC TAC GGG 240 
Val Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Gly 
65 * 70 75 80 

GGG TAC AAG GCG GGC CGG GCC CCC ACG CCG GAG GAC TTT CCC CGG CAA 288 
Gly Tyr Lys Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arg Gin 
8S *" 90 ~ 95 

CTC GCC CTC ATC AAG GAG CTG GTG GAC CTC CTG GGG CTG GCG CGC CTC 336 
Leu Ala Leu lie Lys Glu Leu Val Asp Leu Leu Gly Leu Ala Arg Leu 
100 105 110 

GAG GTC CCG GGC TAC GAG GCG GAC GAC GTC CTG GCC AGC CTG GCC AAG 384 
Glu Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Ser Leu Ala Lys 
115 120 125 
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AAG GCG GAA AAG GAG GGC TAC GAG GTC CGC ATC CTC ACC GCC GAC AAA 
Lys Ala Glu Lys Glu Gly Tyr Glu Val Arg lie Leu Thr Ala Asp Lys 
130 ' 135 140 

GAC CTT TAC CAG CTC CTT TCC GAC CGC ATC CAC GTC CTC CAC CCC GAG 
Asp Leu Tyr Gin Leu Leu Ser Asp Arg lie His Val Leu His Pro Glu 
145 " 150 " 155 160 

GGG TAC CTC ATC ACC CCG GCC TGG CTT TGG GAA AAG TAC GGC CTG AGG 
Gly Tyr Leu lie Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu Arg 
165 170 175 

CCC GAC CAG TGG GCC GAC TAC CGG GCC CTG ACC GGG GAC GAG TCC GAC 

pro Asp Gin Trp Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu ser Asp 

180 1B5 190 

AAC CTT CCC GGG GTC AAG GGC ATC GGG GAG AAG ACG GCG AGG AAG CTT 
Asn Leu Pro Gly Val Lys Gly He Gly Glu Lys Thr Ala Arg Lys Leu 
195 200 205 

CTG GAG GAG TGG GGG AGC CTG GAA GCC CTC CTC AAG AAC CTG GAC CGG 
Leu Glu Glu Trp Gly Ser Leu Glu Ala . Leu Leu Lys Asn Leu Asp Arg 

210 215 220 

CTG AAG CCC GCC ATC CGG GAG AAG ATC CTG GCC CAC ATG GAC GAT CTG 
Leu Lys Pro Ala He Arg Glu Lys He Leu Ala Kis Met Asp Asp Leu 
225 230 235 240 

AAG CTC TCC TGG GAC CTG GCC AAG GTG CGC ACC GAC CTG CCC CTG GAG 
Lys Leu Ser Trp Asp Leu Ala Lys Val Arg Thr Asp Leu Pro Leu Glu 
245 " 250 255 

GTG GAC TTC GCC AAA AGG CGG GAG CCC GAC CGG GAG AGG CTT AGG GCC 
Val Asp Phe Ala Lys Arg Arg Glu Pro Asp Arg Glu Arg Leu Arg Ala 
260 265 270 

TTT CTG GAG AGG CTT GAG TTT GGC AGC CTC CTC CAC GAG TTC GGC CTT 
Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly Leu 
275 280 285 

CTG GAA AGC CCC AAG GCC CTG GAG GAG GCC CCC TGG CCC CCG CCG GAA 
Leu Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu 
290 29S 300 

GGG GCC TTC GTG GGC TTT GTG CTT TCC CGC AAG GAG CCC ATG TGG GCC 
Gly Ala Phe Val Gly Phe Val Leu Ser Arg Lys Glu Pro Met Trp Ala 
305 310 315 320 

GAT CTT CTG GCC CTG GCC GCC GCC AGG GGG GGC CGG GTC CAC CGG GCC 
Asp Leu Leu Ala Leu Ala Ala Ala Arg Gly Gly Arg Val His Arg Ala 
325 330 335 

CCC GAG CCT TAT AAA GCC CTC AGG GAC CTG AAG GAG GCG CGG GGG CTT 
Pro Glu Pro Tyr Lys Ala Leu Arg Asp Leu Lys Glu Ala Arg Gly I*eu 
340 345 350 

CTC GCC AAA GAC CTG AGC GTT CTG GCC CTG AGG GAA GGC CTT GGC CTC 
Leu Ala Lys Asp Leu Ser Val Leu Ala Leu Arg Glu Gly Leu Gly Leu 
355 360 365 

CCG CCC GGC GAC GAC CCC ATG CTC CTC GCC TAC CTC CTG GAC CCT TCC 
Pro Pro Gly Asp Aso Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser 
370 375 380 

AAC ACC ACC CCC GAG GGG GTG GCC CGG CGC TAC GGC GGG GAG TGG ACG 
Asn Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp Thr 
385 390 395 400 
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GAG GAG GCG GGG GAG CGG GCC GCC CTT TCC GAG AGG CTC TTC GCC AAC 124 8 

Glu Glu Ala Gly Glu Arg Ala Ala Leu ser Glu Arg Leu Phe Ala Asn 
405 410 415 

CTG TGG GGG AGG CTT GAG GGG GAG GAG AGG CTC CTT TGG CTT TAC CGG 12 96 

Leu Trp Gly Arg Leu Glu Gly Glu Glu Arg Leu Leu Trp Leu Tyr Arg 
420 425 430 

GAG GTG GAG AGG CCC CTT TCC GCT GTC CTG GCC CAC ATG GAG GCC ACG 1344 
Glu Val Glu Arg Pro Leu Ser Ala Val Leu Ala His Met Glu Ala Thr 
435 440 445 

GGG GTG CGC CTG GAC GTG GCC TAT CTC AGG GCC TTG TCC CTG GAG GTG 13 92 

Gly Val Arg Leu Asp Val Ala Tyr Leu Arg Ala Leu Ser Leu Glu Val 
450 ' 455 460 

.GCC GAG GAG ATC GCC CGC CTC GAG GCC GAG GTC TTC CGC CTG GCC GGC 1440 
Ala Glu Glu lie Ala Arg Leu Glu Ala Glu Val Phe Arg Leu Ala Gly 
4G5 410 475 480 

CAC CCC TTC AAC CTC AAC TCC CGG GAC CAG CTG GAA AGG GTC CTC TTT 1488 
His Pro Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg Val Leu Phe 
485 490 495 

GAC GAG CTA GGG CTT CCC GCC ATC GGC AAG ACG GAG AAG ACC GGC AAG 153 6 

Asp Glu Leu Gly Leu Pro Ala He Gly Lys Thr Glu Lys Thr Gly Lys 
500 505 510 

CGC TCC ACC AGC GCC GCC GTC CTG GAG GCC CTC CGC GAG GCC CAC CCC 1584 
Arg Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro 
515 520 525 

ATC GTG GAG AAG ATC CTG CAG TAC CGG GAG CTC ACC AAG CTG AAG AGC 1632 
lie Val Glu Lys He Leu Gin Tyr Arg Glu Leu Thr Lys Leu Lys Ser 
530 535 540 

ACC TAC ATT GAC CCC TTG CGG GAC CTC ATC CAC CCC AGG ACG GGC CGC 1680 
Thr Tyr He Asp Pro Leu Pro Asp Leu He His Pro Arg Thr Gly Arg 
545 " 550 555 560 

CTC CAC ACC CGC TTC AAC CAG ACG GCC ACG GCC ACG GGC AGG CTA AGT 1728 
Leu His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu Ser 
565 570 575 

AGC TCC GAT CCC AAC CTC CAG AAC ATC CCC GTC CGC ACC CCG CTT GGG 1776 
Ser Ser Asp Pro Asn Leu Gin Asn He Pro Val Arg Thr Pro Leu Gly 
580 585 590 

CAG AGG ATC CGC CGG GCC TTC ATC GCC GAG GAG GGG TGG CTA TTG GTG 1824 
Gin Arg He Arg Arg Ala Phe He Ala Glu Glu Gly Trp Leu Leu Val 
595 " 600 605 

GCC CTG GAC TAT AGC CAG ATA GAG CTC AGG GTG CTG GCC CAC CTC TCC 1872 
Ala Leu Asp Tyr Ser Gin He Glu Leu Arg Val Leu Ala His Leu Ser 
610 615 620 

GGC GAC GAG AAC CTG ATC CGG GTC TTC CAG GAG GGG CGG GAC ATC CAC 1920 
GlY Asp Glu Asn Leu He Arg Val Phe Gin Glu Gly Arg Asp He His 
62 5 630 635 640 

ACG GAG ACC GCC AGC TGG ATG TTC GGC GTC CCC CGG GAG GCC GTG GAC 1968 
Thr Glu Thr Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp 
645 650 655 

CCC CTG ATG CGC CGG GCG GCC AAG ACC ATC AAC TTC GGG GTC CTC TAC 2016 
Pro Leu Met Arg Arg Ala Ala Lys Thr He Asn Phe Gly Val Leu Tyr 
660 665 670 
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GGC ATG TCG GCC CAC CGC CTC TCC CAG GAG CTA GCC ATC CCT TAC GAG 2064 
Gly Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala lie Pro Tyr Glu 
675 680 685 

GAG GCC CAG GCC TTC ATT GAG CGC TAC TTT CAG AGC TTC CCC AAG GTG 2112 
Glu Ala Gin Ala Pbe He Glu Arg Tyr Phe Gin Ser Phe Pro Lys Val 
€90 695 700 

CGG GCC TGG ATT GAG AAG ACC CTG GAG GAG GGC AGG AGG CGG GGG TAC 216 0 

Arg Ala Trp lie Glu Lys Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr 
705 710 715 720 

GTG GAG ACC CTC TTC GGC CGC CGC CGC TAC GTG CCA GAC CTA GAG GCC 22 OB 

Val Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Glu Ala 
725 730 735 

CGG GTG AAG AGC GTG CGG GAG GCG GCC GAG CGC ATG GCC TTC AAC ATG 22 56 

Arg Val Lys Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met 
740 745 750 

CCC GTC CAG GGC ACC GCC GCC GAC CTC ATG AAG CTG GCT ATG GTG AAG 2304 
Pro val Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val Lys 
755 760 765 

CTC TTC CCC AGG CTG GAG GAA ATG GGG GCC AGG ATG CTC CTT CAG GTC 2352 

Leu Phe Pro Arg Leu Glu Glu Met Gly Ala Arg Met Leu Leu Gin Val 
770 ~ 775 780 

CAC AAC GAG CTG GTC CTC GAG GCC CCA AAA GAG AGG GCG GAG GCC GTG 2400 
His Asn Glu Leu Val Leu Glu Ala Pro Lys Glu Arg Ala Glu Ala Val 
785 790 795 800 

GCC CGG CTG GCC AAG GAG GTC ATG GAG GGG GTG TAT CCC CTG GCC GTG 2448 
Ala Arg Leu Ala Lys Glu Val Met Glu Gly Val Tyr Pro Lsu Ala Val 
805 810 815 

CCC CTG GAG GTG GAG GTG GGG ATA GGG GAG GAC TGG CTC TCC GCC AAG 2496 
Pro Leu Glu Val Glu Val Gly He Gly Glu Asp Trp Leu Ser Ala Lys 

820 825 830 

GAG TGATAG 2505 
Glu 

EW## : 107 



: 833 r?;i 

Met Asn Ser Gly Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu 
1 5 10 15 

Leu Val Asp Gly His His Leu Ala Tyr Arg Thr Phe His Ala Leu Lys 
20 25 30 



Gly Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe 

35 40 45 

Ala Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Asp Ala Val lie 

50 55 60 

Val val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Gly 

65 70 75 BO 
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Gly Tyr Lys Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arg Gin 
85 90 95 

Leu Ala Leu lie Lys Glu Leu Val Asp Leu Leu Gly Leu Ala Arg Leu 
100 .105 110 

Glu Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Ser Leu Ala Lys 
115 120 . 125 

Lys Ala Glu Lys Glu Gly Tyr Glu Val Arg He Leu Thr Ala Asp Lys 
130 ' 135 140 

Asp Leu Tvr Gin Leu Leu Ser Asp Arg He His val Leu His Pro Glu 
145 * 150 . 155 160 

Gly Tyr Leu He Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu Arg 
165 170 175 

Pro Asp Gin Tro Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser Asp 
ISO 185 190 

Asn Leu Pro Gly Val Lys Gly He Gly Glu Lys Thr Ala Arg Lys Leu 
195 200 205 

Leu Glu Glu Trp Gly Ser Leu Glu Ala Leu Leu Lys Asn Leu Asp Arg 
210 " 215 ' 220 

Leu Lys Pro Ala He Arg Glu Lys He Leu Ala His Met Asp Asp Leu 
225 230 235 240 

Lys Leu Ser Trp Asp Leu Ala Lys Val Arg Thr Asp Leu Pro Leu Glu 
245 250 255 

Val Asd Phe Ala Lys Arg Arg Glu Pro Asp Arg Glu Arg Leu Arg Ala 
260 " 265 270 

Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly Leu 
275 280 285 

Leu Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu 
290 295 300 

Gly Ala Phe Val Gly Phe Val Leu Ser Arg Lys Glu Pro Met Trp Ala 
305 310 315 320 

Aso Leu Leu Ala Leu Ala Ala Ala Arg Gly Gly Arg Val His Arg Ala 
325 ^30 335 

Pro Glu Pro Tyr Lys Ala Leu Arg Asp Leu Lys Glu Ala Arg Gly Leu 
340 345 350 

Leu Ala Lys Asp Leu Ser Val Leu Ala Leu Arg Glu Gly Leu Gly Leu 
355 360 365 

Pro Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser 
370 375 3B0 

Asn Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp Thr 
385 390 395 400 

Glu Glu Ala Gly Glu Arg Ala Ala Leu Ser Glu Arg Leu Phe Ala Asn 
4 05 410 415 

Leu Trp Gly Arg Leu Glu Gly Glu Glu Arg Leu Leu Trp Leu Tyr Arg 
420 4 25 430 

Glu Val Glu Arg Pro Leu Ser Ala Val Leu Ala His Met Glu Ala Thr 
435 440 445 
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Gly Val Arg Leu Asp Val Ala Tyr Leu Arg Ala Leu Ser Leu Glu Val 
450 455 4€D 

Ala Glu Glu lie Ala Arg Leu Glu Ala Glu Val Phe Arg Leu Ala Gly 

465 . 470 475 480 

His Pro Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg Val Leu Phe 
485 ' 490 ~ 495 

Asp Glu Leu Gly Leu Pro Ala lie Gly Lys Thr Glu Lys Thr Gly Lys 
500 . 505 510 

Arg Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro 
515 520 525 

He Val Glu Lys He Leu Gin Tyr Arg Glu Leu Thr Lys Leu Lys Ser 
530 535 540 

Thr Tyr He Asp Pro Leu Pro Asp Leu He His Pro Arg Thr Gly Arg 
545 550 5S5 " 560 

Leu His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu Ser 
565 570 575 

Ser Ser Asp Pro Asn Leu Gin Asn He Pro Val Arg Thr Pro Leu Gly 
580 585 590 

Gin Arg He Arg Arg Ala Phe He Ala Glu Glu Gly Trp Leu Leu Val 
595 600 60S 

Ala Leu Aso Tyr Ser Gin He Glu Leu Arg Val Leu Ala His Leu Ser 
610 " ' 615 620 

Gly Asp Glu Asn Leu He Arg Val Phe Gin Glu Gly Arg Asp He His 
625 630 635 640 

Thr Glu Thr Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp 
645 650 655 

Pro Leu Met Arg Arg Ala Ala Lys Thr He Asn Phe Gly Val Leu Tyr 
66~0 665 670 

Gly Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala He Pro Tyr Glu 
675 680 685 

Glu Ala Gin Ala Phe lie Glu Arg Tyr Phe Gin Ser Phe Pro Lys Val 
690 695 700 

Arg Ala Trp He Glu Lys Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr 
70S 710 715 720 

Val Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Glu Ala 
725 730 735 

Arg Val Lys Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met 
740 745 750 

Pro Val Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val Lys 
755 765 

Leu Phe Pro Arg Leu Glu Glu Met Gly Ala Arg Met Leu Leu Gin Val 
77 0 775 780 

His Asn Glu Leu Val Leu Glu Ala Pro Lys Glu Arg Ala Glu Ala Val 
785 790 795 800 

Ala Arg Leu Ala Lys Glu Val Met Glu Gly Val Tyr Pro Leu Ala Val 
805 810 815 
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Pro Leu Glu Val Glu Val Gly lie Gly Glu Asp Tip Leu Ser Ala 
820 82S 830 



Glu 



E5!l## : 108 
@2?lJtf)JI£ : 25 t&m# 

mno®. ■■ mm 

h#Di/- : mm® 

^nomm momm 

mm ■■ desc = TDNAJ 

GGGATACCAT GGGAGTGCAG TTTGG 

@c?'J## : 109 

Eflioss : 27 &mtt 
mwm ■ mm. 
mom. : -*« 

mm : desc=rDNAj 

GGTAAATTTT TCTCGTCGAC ATCCCAC 

mm^r : 110 
(BAUDS £ : 981 &g*f 
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m<D& : -*» 

b#DJ/- : lift 
ffi^j£>ffl£S : DNA(genomic) 

«f«ft*-T8a# : CDS 
^ffiS : 1-978 

ATG GGA GTG CAG TTT GGT GAT TTT ATT CCA AAA AAT ATT ATC TCC TTT 48 
Met Gly Val Gin Phe Gly Asp Phe lie Pro Lys Asn He He Ser Phe 
15 10 15 



GAA GAT TTA AAA GGG AAA AAA GTA GCT ATT GAT GGA ATG AAT GCA TTA 96 
Glu Asp Leu Lys Gly Lys Lys Val Ala He Asp Gly Met Asn Ala Leu 
20 25 30. 

TAT CAG TTT TTA ACA TCT ATA CGT TTG AGA GAT GGT TCT CCA TTG AGA 144 
Tyr Gin Phe Leu Thr Ser He Arg Leu Arg Asp Gly Ser Pro Leu Arg 
35 40 45 

AAT AGA AAA GGA GAG ATA ACC TCA GCA TAT AAC GGA GTT TTT TAT AAA 132 
Asn Arg Lys Gly Glu He Thr Ser Ala Tyr Asn Gly Val Phe Tyr Lys 
50 55 60 

ACC ATA CAT TTG TTA GAG AAT GAT ATA ACT CCA ATC TGG GTT TTT GAT 24 0 

Thr lie His Leu Leu Glu Asn Asp lie Thr Pro He Trp Val Phe Asp 
65 70 75 80 

GGT GAG CCA CCA AAG TTA AAG GAG AAA ACA AGG AAA GTT AGG AGA GAG 2B8 
Gly Glu Pro Pro Lys Leu Lys Glu Lys Thr Arg Lys Val Arg Arg Glu 
85 90 35 

ATG AAA GAG AAA GCT GAA CTT AAG ATG AAA GAG GCA ATT AAA AAG GAG 3 36 

Met Lys Glu Lys Ala Glu Leu Lys Met Lys Glu Ala He Lys Lys Glu 
100 105 110 



GAT TTT GAA GAA GCT GCT AAG TAT GCA AAG AGG GTT AG C TAT CTA ACT 3 84 

Asp Phe Glu Glu Ala Ala Lys Tyr Ala Lys Arg val Ser Tyr Leu Thr 
115 120 125 

CCG AAA ATG GTT GAA AAC TGC AAA TAT TTG TTA AGT TTG ATG GGC ATT 432 

Pro Lys Met Val Glu Asn Cys Lys Tyr Leu Leu Ser Leu Met Gly He 
130 125 140 

CCG TAT GTT GAA GCT CCC TCT GAG GGA GAG GCA CAA GCA AGC TAT ATG 4 80 

Pro Tyr Val Glu Ala Pro Ser Glu Gly Glu Ala Gin Ala Ser Tyr Met 

145 150 155 160 



GCA AAG AAG GGA GAT GTT TGG GCA GTT GTA AGT CAA GAT TAT GAT GCC 528 
Ala Lys Lys Gly Asp Val Trp Ala Val Val Ser Gin Asp Tyr Asp Ala 
165 170 115 

TTG TTA TAT GGA GCT CCG AGA GTT GTT AGA AAT TTA ACA ACT ACA AAG 576 
Leu Leu Tyr Gly Ala Pro Arg Val Val Arg Asn Leu Thr Thr Thr Lys 
180 185 190 
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GAG ATG CCA GAA CTT ATT 5AA TTA AAT GAG GTT TTA GAG GAT TTA AGA 624 

Glu Met Pro Glu Leu He Glu Leu Asn Glu val Leu Glu Asp Leu Axg 

195 200 205 

ATT TCT TTG GAT GAT TTG ATA GAT ATA GCC ATA TTT ATG GGA ACT GAC 572 
lie Ser Leu Asp Asp Leu lie Asp lie Ala lie Phe Met Gly Thr Asp 
210 215 220 

TAT AAT CCA GGA CCA GTT AAA GGA ATA GGA TTT AAA AGG GCT TAT GAA 720 
Tyr Asn Pro Gly Gly Val Lys Gly lie Gly Phe Lys Arg Ala Tyr Glu 
225 230 235 240 

TTG GTT AGA AGT GGT GTA GCT AAG GAT GTT TTG AAA AAA GAG GTT GAA 768 
Leu Val Arg Ser Gly Val Ala Lys Asp val Leu Lys Lys Glu Val Glu 
245 250 255 

TAC TAC GAT GAG ATT AAG AGG ATA TTT AAA GAG CCA AAG GTT ACC GAT eiS 
Tyr Tyr Asp GLu lie Lys Arg He Phe Lys Glu Pro Lys Val Thr Asp 
260 265 270 

AAC TAT TCA TTA AGC CTA AAA TTG CCA GAT AAA GAG GGA ATT ATA AAA 864 
Asn Tyr Ser Leu Ser Leu Lys Leu Pro Asp Lys Glu Gly He He Lys 
275 280 285 

TTC TTA GTT GAT GAA AAT GAC TTT AAT TAT GAT AGG GTT AAA AAG CAT 912 

Phe Leu Val Asd Glu Asn Asp Phe Asn Tyr Asp Arg val Lys Lys His 
290 * 295 300 

GTT GAT AAA CTC TAT AAC TTA ATT GCA AAC AAA ACT AAG CAA AAA ACA 560 
Val Asp Lys Leu Tyr Asn Leu He Ala Asn Lys Thr Lys Gin Lys Thr 
305 310 315 320 

TTA GAT GCA TGG TTT AAA TAA 9 81 

Leu Asp Ala Trp Phe Lys 
325 

kms# : HI 
ffi*!©:BS : 326 



Met Gly Val Gin Phe 
1 5 

Glu Asp Leu Lye Gly 
20 

Tyx Gin Phe Leu Thr 
35 

Asn Arg Lys Gly Glu 

53 

Thr He His Leu Leu 
65 

Gly Glu Pro Pro Lys 
85 

Met Lys Glu Lys Ala 
100 

Asp Phe Glu Glu Ala 
115 

Pro Lys Met Val Glu 
130 



Gly Asp Phe He Pro 
10 

Lys Lys Val Ala He 
25 

Ser lie Arg Leu Arg 
40 

He Thr Ser Ala Tyr 
55 

Glu Asn Asp Tie Thr 
70 

Leu Lys Glu Lys Thr 
90 

Glu Leu Lys Met Lys 
105 

Ala Lys Tyr Ala Lys 
120 

Asn Cys Lvs Tvx Leu 
135 



Lys Asn He He Ser Phe 
15 

Asp Gly Met Asn Ala Leu 
30 

Asp Gly Ser Pro Leu Axg 
45 

Asn Gly Val Phe Tyr Lys 



Pro He Trp Val Phe Asp 
75 80 

Arg Lys Val Arg Arg Glu 
95 

Glu Ala He Lys Lys Glu 
110 

Arg Val Ser Tyr Leu Thr 
125 

Leu Ser Leu Met Gly He 
140 
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Pro Tyr Val Glu Ala Pro Ser Glu Gly Glu Ala Gin Ala Ser Tyr Met 
145 150 155 160 

Ala Lys Lys Gly Asp val Trp Ala Val val Ser Gin Asp Tyr Asp Ala 
165 170 175 

Leu Leu Tyr Gly Ala Pro Arg Val Val Arg Asn Leu Thr Thr Thr Lys 
180 185 190 

Glu Met Pro Glu Leu lie Glu Leu Asn Glu Val Leu Glu Asp Leu Arg 
195 200 205 

He Ser Leu Asp Asp Leu He Asp He Ala He Phe Met Gly Thr Asp 
210 215 220 

Tyr Asn Pro Gly Gly Val Lys Gly He Gly Phe Lys Arg Ala Tyr Glu 
225 230 235 240 

Leu Val Arg Ser Gly Val Ala Lys Asp Val Leu Lys Lys Glu Val Glu 
245 250 255 

Tyr Tyr Asp Glu He Lys Arg He Phe Lys Glu Pro Lys val Thr Asp 
260 265 270 

Asn Tyr Ser Leu Ser Leu Lys Leu Pro Asp Lys Glu Gly He He Lys 
275 280 285 

Phe Leu Val Asn Glu Asn Asp Phe Asn Tyr Asd Arg Val Lys Lys His 
290 295 * 300 

Val Asp Lys Leu Tyr Asn Leu He Ala Asn Lys Thr Lys Gin Lys Thr 
305 310 315 320 

Leu Asp Ala Trp Phe Lys 
32S 



E^J#^ : 112 
@2»H3 : 21 i£S*f 

SIM : -#« 

: desc=rDNAj 

GAGGTGATAC CATGGGTGTC C 
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m^m^r : 113 
mn<D&H : 20 

BOWL : -*« 

551$ : desc= fDNAj 

GAAACTCTGC AGCGCGTCAG 2 0 

swi## 114 

8u?iJ4>S£ : 1023 J&g# 

lew^ : mm 

SEWflt 5i : DNA(genomic) 

«M»*«i-«^ : CDS 
: 1..1020 

ATG GGT GTC CCA ATT GGT GAG ATT ATA CCA AGA AAA GAA ATT GAG TTA 4 6 

Met Gly Val Pro He Gly Glu lie He Pro Arg Lys Glu He Glu Leu 
15 10 15 

GAA AAC CTA TAC GGG AAA AAA ATC GCA ATC GAC GCT CTT AAT GCA ATC 96 
Glu Asn Leu Tyr Gly Lys Lys lie Ala He Asp Ala Leu Asn Ala- He 
20 25 * 30 

TAC CAA TTT TTG TCC ACA ATA AGA CAG AAA GAT GGA ACT CCA CTT ATG 144 
Tyr Gin Phe Leu Ser Thr He Arg Gin Lys Asp Gly Thr Pro Leu Met 
35 40 45 

GAT TCA AAG GGT AGA ATA ACC TCC CAC CTA AGC GGG CTC TTT TAC AGG 192 
Asp Ser Lys Gly Arg He Thr Ser His Leu Ser Gly Leu Phe Tyr Arg 
50 55 60 

ACA ATA AAC CTA ATG GAG GCT GGA ATA AAA CCT GTG TAT GTT TTT GAT 24 0 

Thr He Asn Leu Met Glu Ala Gly He Lys Pro Val Tyr Val Phe Asp 
65 70 75 B0 
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GGA GAA CCT CCA. GAA TTC AAA AAG AAA GAG CTC GAA AAA AGA AGA GAA 288 
Gly Glu Pro Pro Glu Phe Lys Lys Lys Glu Leu Glu Lys Arg Arg Glu 
85 90 95 

GCG AGA GAG GAA GCT GAA GAA AAG TGG AGA GAA GCA CTT GAA AAA GGA 336 
Ala Arg Glu Glu Ala Glu Glu Lys Trp Arg Glu Ala Leu Glu Lys Gly 
100 105 110 

GAG ATA GAG GAA GCA AGA AAA TAT GCC CAA AGA GCA ACC AGG GTA AAT 384 
Glu lie Glu Glu Ala Arg Lys Tyr Ala Gin Arg Ala Thr Arg Val Asn 
115 120 125 

GAA ATG CTC ATC GAG GAT GCA AAA AAA CTC TTA GAG CTT ATG GGA ATT 432 
Glu Met Leu lie Glu Asp Ala Lys Lys Leu Leu Glu Leu Met Gly lie 
130 ' 135 140 

CCT ATA GTT CAA GCA CCT AGC GAG GGA GAG GCC CAA GCT GCA TAT ATG 480 
Pro He Val Gin Ala Pro Ser Glu Gly Glu Ala Gin Ala Ala Tyr Met 
145 150 155 150 

GCC GCA AAG GGG AGC GTG TAT GCA TCG GCT AGT CAA GAT TAC GAT TCC 528 
Ala Ala Lys Glv Ser Val Tyr Ala Ser Ala Ser Gin Asp Tyr Asp Ser 
165 170 175 

CTA CTT TTT GGA GCT CCA AGA CTT GTT AGA AAC TTA ACA ATA ACA GGA 576 
Leu Leu Phe Gly Ala Pro Arg Leu Val Arg Asn Leu Thr He Thr Gly 
180 185 190 

AAA AGA AAG TTG CCT GGG AAA AAT GTC TAC GTC GAG ATA AAG CCC GAG 624 
Lys Arg Lys Leu Pro Gly Lys Asn Val Tyr Val Glu He Lys Pro Glu 
195 200 205 

TTG ATA ATT TTG GAG GAA GTA CTC AAG GAA TTA AAG CTA ACA AGA GAA 672 
Leu He He Leu Glu Glu Val Leu Lys Glu Leu Lys Leu Thr Arg Glu 
210 215 220 

AAG CTC ATT GAA CTA GCA ATC CTC GTT GGA ACA GAC TAC AAC CCA GGA 720 
Lys Leu He Glu Leu Ala He Leu Val Gly Thr Asp Tyr Asn Pro Gly 
225 230 235 240 

GGA ATA AAG GGC ATA GGC CTT AAA AAA GCT TTA GAG ATT GTT AGA CAC 768 
Gly He Lys Gly He Gly Leu Lys Lys Ala Leu Glu He Val Arg His 
245 250 255 

TCA AAA GAT CCG CTA GCA AAG TTC CAA AAG CAA AGC GAT GTG GAT TTA 816 
Ser Lys Asp Pro Leu Ala Lys Phe Gin Lys Gin Ser Asp Val Asp Leu 
260 265 270 

TAT GCA ATA AAA GAG TTC TTC CTA AAC CCA CCA GTC ACA GAT AAC TAC 8 64 

Tyr Ala He Lys Glu Phe Phe Leu Asn Pro Pro Val Thr Asp Asn Tyr 
275 280 285 

AAT TTA GTG TGG AGA GAT CCC GAC GAA GAG GGA ATA CTA AAG TTC TTA 912 
Asn Leu Val Trp Arg Asp Pro Asp Glu Glu Gly He Leu Lys Phe Leu 
290 295 300 

TGT GAC GAG CAT GAC TTT AGT GAG GAA AGA GTA AAG AAT GGA TTA GAG 960 
Cys Asp Glu His Asp Phe Ser Glu Glu Arg Val Lys Asn Gly Leu Glu 
305 310 315 320 

AGG CTT AAG AAG GCA ATC AAA AGT GGA AAA CAA TCA ACC CTT GAA AGT 1008 
Arq Leu Lys Lys Ala He Lys Ser Gly Lys Gin Ser Thr Leu Glu Ser 
325 330 • 335 

TGG TTC AAG AGA TAA 1023 
Trp Phe Lys Arg 
340 . 
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: 115 

m?\(D-&Z : 340 7?;i 

y#u*j- : mm 

Met Gly Val Pro lie Gly Glu lie lie Pro Arg Lys Glu He Glu Leu 
15 10 15 

Glu Asn Leu Tyr Gly Lys Lys He Ala He Asp Ala Leu Asn Ala He 
20 25 30 

Tyr Gin Phe Leu Ser Thr He Arg Gin Lys Asp Gly Thr Pro Leu Met 
35 40 45 

Asp ser Lys Gly Arg He Thr ser His Leu ser Gly Leu Phe Tyr Arg 
50 55 60 

Thr He Asn Leu Met Glu Ala Gly He Lys Pro Val Tyr Val Phe Asp 
65 70 75 80 

Gly Glu Pro Pro Glu Phe Lys Lys Lys Glu Leu Glu Lys Arg Arg Glu 
S5 90 95 

Ala Arg Glu Glu Ala Glu Glu Lys Trp Arg Glu Ala Leu Glu Lys Gly 
100 105 110 

Glu He Glu Glu Ala Arg Lys Tyr Ala Gin Arg Ala Thr Arg Val Asn 
115 120 125 

Glu Met Leu He Glu Aso Ala Lys Lys Leu Leu Glu Leu Met Gly He 
130 * 135 140 

Pro He Val Gin Ala Pro Ser Glu Gly Glu Ala Gin Ala Ala Tyr Met 
145 150 155 160 

Ala Ala Lys Gly Ser Val Tyr Ala Ser Ala Ser Gin Asp Tyr Asp Ser 
165 170 175 

Leu Leu Phe Gly Ala Pro Arg Leu Val Arg Asn Leu Thr He Thr Gly 
180 185 190 

Lys Arg Lys Leu Pro Gly Lys Asn Val Tyr Val Glu He Lys Pro Glu 
135 200 " 205 

Leu He He Leu Glu Glu Val Leu Lys Glu Leu Lys Leu Thr Arg Glu 
210 215 220 

Lys Leu He Glu Leu Ala He Leu val Gly Thr Asp Tyr Asn Pro Gly 

225 230 235 240 

Glv He Lys Gly He Gly Leu Lys Lys Ala Leu Glu He Val Arg His 
245 250 255 

Ser Lys Asp Pro Leu Ala Lys Phe Gin Lys Gin Ser Asp Val Asp Leu 
2$0 255 270 

Tyr Ala He Lys Glu Phe Phe Leu Asn Pro Pro Val Thr Asp Asn Tyr 
275 280 285 
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Asn Leu Val Trp Arg 
290 

Cys Asp Glu His Asp 
305 



Arg Leu Lys Lys Ala 
325 

Trp Phe Lvs Arg 
340 



Asp Pro Asp Glu Glu Gly 
295 

Phe Ser Glu Glu Arg Val 

310 315 

lie Lys Ser Gly Lys Gin 
330 



lie Leu Lys Phe Leu 
300 

Lys Asn Gly Leu Glu 
320 

Ser Thr Leu Glu Ser 
335 



EJlJOSS : 25 i&mn 
Mm desc= TDNAJ 

GATACCATGG GTGTCCCAAT TGGTG 

myxoma 37 t&mn 
mww. : mm 

: mm 

mm : desc= TDNAJ 

7CGACGTCGA CTTATCTCTT GAACCAACTT TCAAGGG 

mm^ : 118 
mw&z : 20 t&mn 
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mo®. : -m 

h#D$/- : ftgM*. 
IB^J^ffi^ : fl&O&Bft 
: desc=TDNAj 

AGCGAGGGAG AGGCCCAAGC 

ffi^J#^ : 119 
mmO&IS : 21 Jfig*T 

mnorn : $® 

IB^J©a» : flk^ w 
tftlft : desc= TDNAJ 

GCCTATGCCC TTTATTCCTC C 



e?lJ#-S§- : 120 

mwm ■■ 

: desc= TDNAj 

TGGTCGCTGT CTCGCTGAAA GCGAGACAGC GTG 

@E^J#-§- : 121 
IB^JWSS : 30 SSM 
lE^JWM : TO 
!Ptf>f& : 

: ife*>&K 
: desc= TDNAJ 

E3I 

TGCTCTCTGG TCGCTGTCTG AAAGACAGCG 

SHW#- : 122 
@a?lJ<D^^ : 14 MM 
ga^'J^S : 
$£D& : 

mm : desc= TDNAJ 

CGAGRGACCA CGCT 
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: 123 

g®% : -#$1 
mm : desc= TDNAJ 

TTTTCCAGAG CCTAATGAAA TTAGGCTCTG GAAAGACGCT CGTG 

BS?lJ#* : 124 

la^fjcoiJ : 

FtKp v?- : Itgltt 
IftB^ : desc- TDNAj 

AACGAGCGTC TTTG 

125 

simvm mm 

HftPJ : desc= TDNAJ 

sa^ij 
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AACGAGCGTC ATTG 



14 



§a?l]## : 126 

sh^iom : mm 

!ft?H : desc- TDNAj 

TTTTTTTTTA ATTAGGCTCT GGAAAGACGC TCGTGAAACG AGCGTCTTTG 

IB?'I## : 127 
SBJiJ^M : 

: -*m 

: desc= TDNAj 

TTTTCCAGAG CCTAATG 

BByiS-f- : 128 

mo®. ■. -** 

mft: desc= TDNAj 
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TGGCTATAGR CCAGGGCCAC 20 

EM#* : 129 
EW©** : 2505 

IftE : desc= fDNAj 

#»**-*-E* : CDS 
EFffiffifi : 1..2499 

ATG AAT TCG GGG ATG CTG CCC CTC TTT GAG CCC AAG GGC CGG GTC CTC 48 
Met Asn Ser Gly Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu 
* 5 10 15 

CTG GTG GAC GGC CAC CAC CTG GCC TAC CGC ACC TTC CAC GCC CTG AAG 96 
Leu Val Asp Gly His His Leu Ala Tyr Arg Thr Phe His Ala Leu Lys 
20 25 30 

GGC CTC ACC ACC AGC CGG GGG GAG CCG GTG CAG GCG GTC TAC GGC TTC 144 
Gly Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe 
35 40 45 

GCC AAG AGC CTC CTC AAG GCC CTC AAG GAG GAC GGG GAC GCG GTG ATC 192 
Ala Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Glv Asp Ala Val lie 
50 55 €0 

GTG GTC TTT GAC GCC AAG GCC CCC TCC TTC CGC CAC GAG GCC TAC GGG 240 
Val Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Gly 
65 70 75 BO 

GGG TAC AAG GCG GGC CGG GCC CCC ACG CCG GAG GAC TTT CCC CGG CAA 288 
Gly Tyr Lys Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arg Gin 
85 90 95 

CTC GCC CTC ATC AAG GAG CTG GTG GAC CTC CTG GGG CTG GCG CGC CTC 336 
Leu Ala Leu lie Lys Glu Leu Val Asp Leu Leu Gly Leu Ala Arg Leu 
100 105 110 

GAG GTC CCG GGC TAC GAG GCG GAC GAC GTC CTG GCC AGC CTG GCC AAG 384 
Glu Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Ser Leu Ala Lys 
115 120 125 

AAG GCG GAA AAG GAG GGC TAC GAG GTC CGC ATC CTC ACC GCC GAC AAA 432 
Lys Ala Glu Lys Glu Gly Tyr Glu Val Arg lie Leu Thr Ala Asp Lys 
130 135 140 



-351- 



GAC CTT TAC CAG CTC CTT TCC GAC CGC ATC CAC GTC CTC CAC CCC GAG 48 0 

Asp Leu ryr Gin Leu Leu Ser Asp Arg lie His val Leu His Pro Glu 
145 150 155 160 

GGG TAC CTC ATC ACC CCG GCC TGG CTT TGG GAA AAG TAC GGC CTG AGG 523 
Gly Tyr Leu lie Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu Arg 
165 170 175 

CCC GAC CAG TGG GCC GAC TAC CGG GCC CTG ACC GGG GAC GAG TCC GAC 576 
Pro Asp Gin Trp Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser Asp 
180 165 190 

AAC CTT CCC GGG GTC AAG GGC ATC GGG GAG AAG ACG CCC AGG AAG CTT €24 
Asrx Leu Pro Gly Val Lys Gly lie Gly Glu Lys Thr Ala Arg Lys Leu 
195 200 205 

CTG CAG GAG TGG GGG AGC CTG GAA GCC CTC CTC AAG AAC CTG GAC CGG 672 
Leu Clu Glu Trp Gly Ser Leu Glu Ala Leu Leu Lys Asn Leu Asp Arg 
210 215 220 

CTG AAG CCC GCC ATC CGG GAG AAG ATC CTG GCC CAC ATG GAC GAT CTG 720 
Leu Lys Pro Ala lie Arg Glu Lys lie Leu Ala His Met Asp Asp Leu 
225 230 . 235 240 

AAG CTC TCC TGG GAC CTG GCC AAG GTG CGC ACC GAC CTG CCC CTG GAG 758 

Lys Leu Ser Trp Asp Leu Ala Lys Val Arg Thr Asp Leu Pro Leu Glu 

245 250 255 

GTG GAC TTC GCC AAA AGG CGG GAG CCC GAC CGG GAG AGG CTT AGG GCC 816 
Val Asp Phe Ala Lys Arg Arg Glu Pro Asp Arg Glu Arg Leu Arg Ala 
260 " ~ 265 270 

TTT CTG GAG AGG CTT GAG TTT GGC AGC CTC CTC CAC GAG TTC GGC CTT 664 
Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly Leu 
275 280 265 

CTG GAA AGC CCC AAG GCC CTG GAG GAG GCC CCC TGG CCC CCG CCG GAA 912 
Leu Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu 
290 295 300 

GGG GCC TTC GTG GGC TTT GTG CTT TCC CGC AAG GAG CCC ATG TGG GCC SG0 
Gly Ala Phe Val Gly Phe Val Leu Scr Arg Lys Glu Pro Met Trp Ala 
305 310 315 320 

GAT CTT CTG GCC CTG GCC GCC GCC AGG GGG GGC CGG GTC CAC CGG GCC 1003 
Asp Leu Leu Ala Leu Ala Ala Ala Arg Gly Gly Arg Val His Arg Ala 
325 330 335 

CCC GAG CCT TAT AAA GCC CTC AGG GAC CTG AAG GAG GCC CGG GGG CTT 1056 
Pro Glu Pro Tyr Lys Ala Leu Arg Asp Leu Lys Glu Ala Arg Gly Leu 
340 345 350 

CTC GCC AAA GAC CTG AGC GTT CTG GCC CTG AGG GAA GGC CTT GGC CTC 1104 
Leu Ala Lys Asp Leu Ser Val Leu Ala Leu Arg Glu Gly Leu Gly Leu 
355 360 365 

CCG CCC GGC GAC GAC CCC ATG CTC CTC GCC TAC CTC CTG GAC CCT TCC 11S2 
Pro Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser 
370 37S 3S0 

AAC ACC ACC CCC GAG GGG GTG GCC CGG CGC TAC GGC GGG GAG TGG ACG 12 00 

Asn Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Qlu Trp Thr 
385 350 355 400 

GAG GAG GCG GGG GAG CGG GCC GCC CTT TCC GAG AGG CTC TTC GCC AAC 124 8 

Glu Glu Ala Gly Glu Arg Ala Ala Leu Ser Glu Arg Leu Phe Ala Asn 
405 410 415 

CTG TGG GGG AGG CTT GAC GGG GAG GAG AGG CTC CTT TGG CTT TAC CGG 12 96 

Leu Trp Gly Arg Leu Glu Gly Glu Glu Arg Leu Leu Trp Leu Tyr Arg 
420 425 430 

GAG GTG GAG AGG CCC CTT TCC GCT GTC CTG GCC CAC ATG GAG GCC ACG 13 4 4 

Glu Val Glu Arg Pro Leu Ser Ala Val Leu Ala His Met Glu Ala Thr 

435 440 445 
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GGB GTG CGC CTG GAC GTG GCC TAT CTC AGG GCC TTG TCC CTG GAG GTG 1392 
Gl/ val Arg Leu Asp val Ala Tyr Leu Arg Ala Leu Ser Leu Glu Val 
450 455 460 

GCC GGG GAG ATC GCC CGC CTC GAG GCC GAG GTC TTC CGC CTG GCC GGC 1440 

Ala Gly Glu He Ala Arg Leu Glu Ala Glu Val Phe Arg Leu Ala Gly 

465 470 475 480 

CAC CCC TTC AAC CTC AAC TCC CGG GAC CAG CTG GAA AGG GTC CTC ITT i«BB 
His Pro Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg Val Leu Phe 
485 450 495 

GAC GAG CTA GGG CTT CCC GCC ATC GGC AAG ACG GAG AAG ACC GGC AAG 1535 
Asp Glu Leu Gly Leu Pro Ala lie Gly Lys Thr Glu Lys Thr Gly Lys 
500 S05 510 

CGC TCC ACC AGC GCC GCC GTC CTG GAG GCC CTC CGC GAG GCC CAC CCC 15 B 4 

Arg Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro 
515 520 525 

ATC GTG GAG AAG ATC CTG CAG TAC CGG GAG CTC ACC AAG CTG AAG AGC 1632 
lie Val Glu Lys lie Leu Gin Tyr Arg Glu Leu Thr Lys Leu Lys Ser 
530 535 ' 540 

ACC TAC ATT GAC CCC TTG CCG CAC CTC ATC CAC CCC AGG ACG GGC CGC 1680 
Thx Tyr He Asp Pro Leu Pro Asp Leu lie His Pro Arg Thr Gly Arg 
545 550 555 560 

CTC CAC ACC CGC TTC AAC CAG ACG GCC ACG GCC ACG GGC AGG CTA AGT 172 8 

Leu His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu Ser 
565 570 575 

AGC TCC GAT CCC AAC CTC CA3 AAC ATC CCC GTC CGC ACC CCG CTT GGG 17 76 

Ser Ser Asp Pro Asn Leu Gin Asn lie Pro Val Arg Thr Pro Leu Gly 
580 5B5 590 

CAG AGG ATC CGC CGG GCC TTC ATC GCC GAG GAG GGG TGG CTA TTG GTG 18 24 

Glr. Arg lie Arc Arg Ala Phe He Ala Glu Glu Gly Trp Leu Leu Val 
595 600 605 

GCC CTG GCC TAT AGC CAG ATA GAG CTC AGG GTG CTG GCC CAC CTC TCC 1672 
Ala Leu Ala Tyr Ser Gin He Glu Lbu Arg Val Leu Ala His Leu Ser 
€10 615 620 

GGC GAC GAG AAC CTG ATC CGG GTC TTC CAG GAG GGG CGG GAC ATC CAC 192 0 

Gly Asp Glu Asn Leu He Arg Val Phe Gin Glu Gly Arg Asp He His 
625 630 63S 640 

ACG GAG ACC GCC AGC TGG ATG TTC GGC GTC^CCC CGG GAG GCC GTG GAC 196 B 

Thr Glu Thr Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp 
645 650 " S55 

CCC CTG ATG CGC CGG G2G GCC AAG ACC ATC AAC TTC GGG GTC CTC TAC 2 016 

Pro Leu Met Arg Arg Ala Ala Lys Thr He Asn Phe Gly Val Leu Tyr 
660 665 670 

GGC ATG TCG GCC CAC CGC CTC TCC CAG GAG CTA GCC ATC CCT TAC GAG 206 4 

Gly Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala He Pro Tyr Glu 
675 680 685 

GAG GCC CAG GCC TTC ATT GAG CGC TAC TTT CAG AGC TTC CCC AAG GTG 2112 
Glu Ala Gin Ala Phe He Glu Arg Tyr Phe Gin Ser Phe Pro Lys Val 
690 695 700 

CG0 GCC TGG ATT GAG AAG ACC CTG GAG GAG GGC AGG AGG CGG GGG TAC 216D 
Arg Ala Trp He Glu Lys Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr 
705 710 715 720 

GTG GAG ACC CTC TTC GGC CGC CGC CGC TAC GTG CCA GAC CTA GAG GCC 2208 
Val Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Glu Ala 
725 730 735 

CGG GTG AAG AGC GTG CGG GAG GCG GCC GAG CGC ATG GCC TTC AAC ATG 2256 
Arg Val Lys Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met 
740 745 750 
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CCC GTC CAG GGC ACC GCC GCC GAC CTC ATG AAG CTG GCT ATG GTG AAG 23 04 

Pro Val Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val Lvs 
755 760 765 

CTC TTC CCC AGG CTG GAG GAA ATG GGG GCC AGG ATG CTC CTT CAG GTC 23 52 

Leu Phe Pro Arg Leu Glu Glu Met Gly Ala Arg Met Leu Leu Gin Val 
770 775 780 

CAC GAC GAG CTG GTC CTC GAG GCC CCA AAA GAG AGG GCG GAG GCC GTG 24 00 

His Asp Glu Leu Val Leu Glu Ala Pro Lys Glu Arg Ala Glu Ala Val 
785 790 795 800 

GCC CGG CTG GCC AAG GAG GTC ATG GAG GGG GTG TAT CCC CTG GCC GTG 244 6 

Ala Arg Leu Ala Lys Glu Val Met Glu Gly Val Tyr Pro Leu Ala Val 
805 810 815 

CCC CTG GAG GTG GAG GTG GGG ATA GGG GAG GAC TGG CTC TCC GCC AAG 2496 
Pro Leu Glu Val Glu Val Gly He Gly Glu Asp Trp Leu Ser Ala Lys 
820 825 630 

GAG TGATAG 2505 
Glu 

@B?"J#^- : 130 
E#J<Z>«£ : 833 75 



Met Asn Ser Gly Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu 

15 10 15 

Leu Val As? Gly His His Leu Ala Tyr Arg Thr Phe His Ala Leu Lys 
20 25 30 

Gly Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe 
35 40 45 

Ala Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Asp Ala Val lie 
50 55 * 60 

Val Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Gly 
65 70 . 75 80 

Gly Tyr Lys Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arg Gin 
85 90 95 

Leu Ala Leu lie Lys Glu Leu Val Asp Leu Leu Gly Leu Ala Arg Leu 
100 105 110 

Glu Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Ser Leu Ala Lys 
115 120 X25 

Lys Ala Glu Lya Glu Gly Tyr Glu Val Arg lie Leu Thr Ala Asp Lys 
130 135 140 

Asp Leu Tyr Gin Leu Leu Ser Asp Arg lie His Val Leu His Pro Glu 
145 ' 150 155 160 

Gly Tyr Leu lie Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu Arg 
165 170 175 



Pro Asp Gin Trp Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser Asp 
180 165 190 
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Asn Leu Pro Gly Val Lys Gly He Gly Glu Lys Thr Ala Arg Lys Leu 
195 200 * 205 

Leu Glu Glu Trp Gly Ser Leu Glu Ala Leu Leu Lys Asn Leu Asp Arg 
210 215 220 

Leu Lys Pro Ala He Arg Glu Lys He Leu Ala His Met Asp Asp Leu 
225 230 235 240 

Lys Leu Ser Trp Asp Leu Ala Lys Val Arg Thr Asp Leu Pro Leu Glu 
24 5 250 255 

Val Asp Phe Ala Lys Arg Arg Glu Pro Asp Arg Glu Ara Leu Arg Ala 
260 ~ 265 ' " 270 

Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly Leu 
27S 280 285 

Leu Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu 
230 295 300 

Gly Ala Phe Val Gly Phe Val Leu Ser Arg Lys Glu Pro Met Trp Ala 
305 310 315 320 

Asp Leu Leu Ala Leu Ala Ala Ala Arg Gly Gly Arg Val His Arg Ala 
325 330 335 

Pro Glu Pro Tyr Lys Ala Leu Arg Asd Leu Lys Glu Ala Arg Gly Leu 
340 345 350 

Leu Ala Lys Asp Leu Ser Val Leu Ala Leu Arg Glu Gly Leu Gly Leu 
355 360 365 

Pro Pro Gly Aso Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser 

370 375 3B0 

Asn Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp Thr 
385 390 395 400 

Glu Glu Ala Gly Glu Arg Ala Ala Leu Ser Glu Arg Leu Phe Ala Asn 
405 410 415 

Leu Trp Gly Arg Leu Glu Gly Glu Glu Arg Leu Leu Trp Leu Tyr . Arg 
420 425 430 

Glu Val Glu Arg Pro Leu Ser Ala Val Leu Ala His Met Glu Ala Thr 
435 440 445 

Gly Val Arg Leu Asp Val Ala Tyr Leu Arg Ala Leu Ser Leu Glu Val 
450 " 455 460 

Ala Gly Glu He Ala Arg Leu Glu Ala Glu Val Phe Arg Leu Ala Gly 
465 470 475 480 

His Pro Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg Val Leu Phe 
485 490 495 

Asp Glu Leu Gly Leu Pro Ala He Gly Lys Thr Glu Lys Thr Gly Lys 
500 S05 510 



Arg Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro 
S15 520 525 

He Val Glu Lys He Leu Gin Tyr Arg Glu Leu Thr Lys Leu Lys Ser 
S30 ' 535 540 

Thr Tyr He Asp Pro Leu Pro Asp Leu He His Pro Arg Thr Gly Arg 
545 5S0 555 560 
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Leu His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu Ser 
565 570 575 

Ser Ser Asp Pro Asn Leu Gin Asn He Pro Val Arg Thr Pro Leu Gly 
580 585 530 

Gin Arg He Arg Arg Ala Phe He Ala Glu Glu Gly Trp Leu Leu Val 
595 600 60S 

Ala Leu Ala Tyr Ser Gin He Glu Leu Arg Val Leu Ala His Leu Ser 
610 615 620 

Gly Aso Glu Asn Leu He Arg Val Phe Glr. Glu Gly Arg Asp He His 
625 " 630 635 £40 

Thr Glu Thr Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp 
645 650 655 

Pro Leu Met Arg Arg Ala Ala Lys Thr He Asn Phe Gly Val Leu Tyr 
660 665 670 

Gly Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala He Pro Tyr Glu 
675 " 680 685 

Glu Ala Gin Ala Phe He Glu Arg Tyr Phe Gin Ser Phe Pro Lys Val 
690 695 700 

Arg Ala Tro He Glu Lys Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr 
705 " 710 715 720 

Val Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Glu Ala 
725 730 735 

Arg Val Lys Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met 

740 745 750 

Pro Val Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val Lys 
755 760 765 

Leu Phe Pro Arg Leu Glu Glu Met Gly Ala Arg Met Leu Leu Gin Val 
770 775 760 

His Asp Glu Leu Val Leu Glu Ala Pro Lys Glu Arg Ala Glu Ala Val 
785 ' 790 795 800 

Ala Arg Leu Ala Lys Glu Val Met Glu Gly Val Tyr Pro Leu Ala Val 
B05 810 B15 

Pro Leu Glu Val Glu Val Gly He Gly Glu Asp Trp Leu Ser Ala Lys 
820 825 830 

Glu 

U?m^ : 131 
@^!J^:K£ : 2505 

Miwm : mm 

mm : desc- TDNAj 
: CDS 
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HFftfte : L.2499 



ATG AAT TCG GGG ATG CTG CCC CTC TTT GAG CCC AAG GGC CGG GTC CTC 4 8 

Met Asn Ser Gly Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu 
15 10 15 

CTG GTG GAC GGC CAC CAC CTG GCC TAC CGC ACC TTC CAC GCC CTG AAG 96 
Leu Val Asp Gly His His Leu Ala Tyr Arg Thr Phe His Ala Leu Lys 
20 25 30 

GGC CTC ACC ACC AGC CGG GGG GAG CCG GTG CAG GCG GTC TAC GGC TTC 144 
Gly Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe 
25 40 45 

GCC AAG AGC CTC CTC AAG GCC CTC AAG GAG GAC GGG GAC GCG GTG ATC 192 
Ala Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Asp Ala val lie 
50 55 60 

GTG GTC TTT GAC GCC AAG GCC CCC TCC TTC CGC CAC GAG GCC TAC GGG 24 0 

Val Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Gly 
65 " 70 75 80 

GGG TAC AAG GCG GGC CGG GCC CCC ACG CCG GAG GAC TTT CCC CGG CAA 288 
Gly Tvr Lys Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arg Gin 
85 90 95 

CTC GCC CTC ATC AAG GAG CTG GTG GAC CTC CTG GGG CTG GCG CGC CTC 336 
Leu Ala Leu He Lys Glu Leu Val Asp Leu Leu Gly Leu Ala Arg Leu 
100 105 110 

GAG GTC CCG GGC TAC GAG GCG GAC GAC GTC CTG GCC AGC CTG GCC AAG 384 
Glu Val Pro Gly Tyr Glu Ala Ast> Asp Val Leu Ala Ser Leu Ala Lys 
115 120 125 

AAG GCG GAA AAG GAG GGC TAC GAG GTC CGC ATC CTC ACC GCC GAC AAA 432 
Lys Ala Glu Lvs Glu Gly Tyr Glu Val Arg He Leu Thr Ala Asp Lys 
130 ' 135 140 

GAC CTT TAC CAG CTC CTT TCC GAC CGC ATC CAC GTC CTC CAC CCC GAG 4 80 

Aso Leu Tyr Gin Leu Leu Ser Asp Arg He His Val Leu His Pro Glu 
145 * 150 155 160 

GGG TAC CTC ATC ACC CCG GCC TGG CTT TGG GAA AAG TAC GGC CTG AGG 526 
Gly Tyr Leu lie Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu Arg 
165 170 175 

CCC GAC CAG TGG GCC GAC TAC CGG GCC CTG ACC GGG GAC GAG TCC GAC 576 
Pro Asp Gin Trp Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser Asp 
160 185 190 

AAC CTT CCC GGG GTC AAG GGC ATC GGG GAG AAG ACG GCG AGG AAG CTT 624 
Asn Leu Pro Gly Val Lys Gly He Gly Glu Lys Thr Ala Arg Lys Leu 
195 200 205 

CTG GAG GAG TGG GGG AGC CTG GAA GCC CTC CTC AAG AAC CTG GAC CGG 672 
Leu Glu Glu Trp Gly Ser Leu Glu Ala Leu Leu Lys Asn Leu Asp Arg 
210 215 220 

CTG AAG CCC GCC ATC CGG GAG AAG ATC CTG GCC CAC ATG GAC GAT CTG 720 
Leu Lys Pro Ala He Arg Glu Lys He Leu Ala His Met Asp Asp Leu 
225 230 235 240 

AAG CTC TCC TGG GAC CTG GCC AAG GTG CGC ACC GAC CTG CCC CTG GAG 76 8 

Lvs Leu Ser Trp Asp Leu Ala Lys Val Arg Thr Asp Leu Pro Leu Glu 
245 250 255 

GTG GAC TTC GCC AAA AGG CGG GAG CCC GAC CGG GAG AGG CTT AGG GCC 816 
Val Asp Phe Ala Lys Arg Arg Glu Pro Asp Arg Glu Arg Leu Arg Ala 
260 265 270 
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TTT CTG GAG AGG CTT GAG TTT GGC AGC CTC CTC CAC GAG TTC GGC CTT B64 
Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly Leu 
275 280 285 

CTG GAA AGC CCC AAG GCC CTG GAG GAG GCC CCC TGG CCC CCG CCG GAA 912 
Leu Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu 
290 295 300 

GGG GCC TTC GTG GGC TTT GTG CTT TCC CGC AAG GAG CCC ATG TGG GCC 960 
Gly Ala Phe Val Gly Phe Val Leu Ser Arg Lys Glu Pro. Met Trp Ala 
305 310 315 320 

GAT CTT CTG GCC CTG GCC GCC GCC AGG GGG GGC CGG GTC CAC CGG GCC 1006 
Asp Leu Leu Ala Leu Ala Ala Ala Arg Gly Gly Arg Val His Arg Ala 
325 330 335 

CCC GAG CCT TAT AAA GCC CTC AGG GAC CTG AAG GAG GCG CGG GGG CTT 10 56 

Pro Glu Pro Tyr Lys Ala Leu Arg Asp Leu Lys Glu Ala Arg Gly Leu 
340 34S 350 

CTC GCC AAA GAC CTG AGC GTT CTG GCC CTG AGG GAA GGC CTT GGC CTC 1104 
Leu Ala Lys Aso Leu Ser Val Leu Ala Leu Arg Glu Gly Leu Gly Leu 
355 " 360 365 

CCG CCC GGC GAC GAC CCC ATG CTC CTC GCC TAC CTC CTG GAC CCT TCC 1152 
Pro Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser 
370 375 380 

AAC ACC ACC CCC GAG GGG GTG GCC CGG CGC TAC GGC GGG GAG TGG ACG 1200 
Asn Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp Thr 
3B5 390 395 400 

GAG GAG GCG GGG GAG CGG GCC GCC CTT TCC GAG AGG CTC TTC GCC AAC 1249 
Glu Glu Ala Gly Glu Arg Ala Ala Leu Ser Glu Arg Leu Phe Ala Asn 
405 410 415 

CTG TGG GGG AGG CTT GAG GGG GAG GAG AGG CTC CTT TGG CTT TAC CGG 1296 
Leu Trp Gly Arg Leu Glu Gly Glu Glu Arg Leu Leu Trp Leu Tyr Arg 
420 425 430 

GAG GTG GAG AGG CCC CTT TCC GCT GTC CTG GCC CAC ATG GAG GCC ACG 1344 
Glu Val Glu Arg Pro Leu Ser Ala Val Leu Ala His Met Glu Ala Thr 
435 440 445 

GGG GTG CGC CTG GAC GTG GCC TAT CTC AGG GCC TTG TCC CTG GAG GTG 13 92 

Gly Val Arg Leu Asp Val Ala Tyr Leu Arg Ala Leu Ser Leu Glu Val 
450 * 455 460 

GCC GGG GAG ATC GCC CGC CTC GAG GCC GAG GTC TTC CGC CTG GCC GGC 144 0 

Ala Gly Glu He Ala Arg Leu Glu Ala Glu Val Phe Arg Leu Ala Gly 
465 470 475 480 

CAC CCC T"C AAC CTC AAC TCC CGG GAC CAG CTG GAA AGG GTC CTC TTT 1468 
His Pro Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg Val Leu Phe 
485 490 495 

GAC GAG CTA GGG CTT CCC GCC ATC GGC AAG ACG GAG AAG ACC GGC AAG 1536 
Asp Glu Leu Gly Leu Pro Ala He Gly Lys Thr Glu Lys Thr Gly Lys 



500 



CGC TCC ACC AGC GCC GCC GTC CTG GAG GCC CTC CGC GAG GCC CAC CCC 15 B 4 

Arg Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro 
515 5 20 525 



ATC GTG GAG AAG ATC CTG CAG TAC CGG GAG CTC ACC AAG CTG AAG AGC 1632 

val 
530 



ATC GTG GAG AAG ATC CTG CAU TOf lwu liv «^ «™ w^w ™- 

lie Val Glu Lys He Leu Gin Tyr Arg Glu Leu Thr Lys Leu Lys Ser 

535 S40 
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ACC TAC ATT GAC CCC TTG CCG GAC CTC ATC CAC CCC AGG ACG GGC CGC 1680 
Thr Tyr He Asp Pro Leu Pro Asp Leu Xle His Pro Arg Thr Gly Arg 
545 550 555 560 

CTC CAC ACC CGC TTC AAC CAG ACG GCC ACG GCC ACG GGC AGG CTA AGT 172B 

Leu His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu Ser 
565 570 575 

AGC TCC GAT CCC AAC CTC CAG AAC ATC CCC GTC CGC ACC CCG CTT GGG 1776 
Ser Ser Asp Pro Asn Leu Gin Asn He Pro Val Arg Thr Pro Leu Gly 
5B0 505 S90 

CAG AGG ATC CGC CGG GCC TTC ATC GCC GAG GAG GGG TGG CTA TTG GTG 1824 
Gin Arg He Arg Arg Ala Phe He Ala Glu Glu Gly Trp Leu Leu Val 
555 600 605 

GCC CTG GTC TAT AGC CAG ATA GAG CTC AGG GTG CTG GCC CAC CTC TCC i 1872 
Ala Leu Val Tyr Ser Gin He Glu Leu Arg Val Leu Ala His Leu Ser 
610 €15 620 

GGC GAC GAG AAC CTG ATC CGG GTC TTC CAG GAG GGG CGG GAC ATC CAC 1920 
Gly Asp Glu Asn Leu He Arg Val Phe Gin Glu Gly Arg Asp He His 
625 530 * 63 5 ** ~ 64 0 

ACG GAG ACC GCC AGC TGG ATG TTC GGC GTC CCC CGG GAG GCC GTG GAC 1968 
Thr Glu Thr Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp 
645 650 655 

CCC CTG ATG CGC CGG GCG GCC AAG ACC ATC AAC TTC GGG GTC CTC TAC 2 016 

Pro Leu Met Arg Arg Ala Ala Lys Thr He Asn Phe Glv Val Leu Tyr 
660 665 "* 670 

GGC ATG TCG GCC CAC CGC CTC TCC CAG GAG CTA GCC ATC CCT TAC GAG 2064 
Gly Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala He Pro Tyr Glu 
675 660 685 

GAG GCC CAG GCC TTC ATT GAG CGC TAC TTT CAG AGC TTC CCC AAG GTG 2112 
Glu Ala Gin Ala Phe He Glu Arg Tyr Phe Gin Ser Phe Pro Lys Val 
690 695 700 

CGG GCC TGG ATT GAG AAG ACC CTG GAG GAG GGC AGG AGG CGG GGG TAC 2160 
Arg Ala Trp He Glu Lys Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr 
705 * 710 715 720 

GTG GAG ACC CTC TTC GGC CGC CGC CGC TAC GTG CCA GAC CTA GAG GCC 2208 
Val Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Glu Ala 
725 730 735 

CGG GTG AAG AGC GTG CGG GAG GCG GCC GAG CGC ATG GCC TTC AAC ATG 2256 
Arg Val Lys Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met 
740 745 750 

CCC GTC CAG GGC ACC GCC GCC GAC CTC ATG AAG CTG GCT ATG GTG AAG 2304 
Pro Val Gin Gly Thr Ala Ala Asp Leu Met Lye Leu Ala Met Val Lys 
755 760 765 

CTC TTC CCC AGG CTG GAG GAA ATG GGG GCC AGG ATG CTC CTT CAG GTC 23 52 

Leu Phe Pro Arg Leu Glu Glu Met Gly Ala Arg Met Leu Leu Gin Val 
770 775 780 

CAC GAC GAG CTG GTC CTC GAG GCC CCA AAA GAG AGG GCG GAG GCC GTG 24 0 0 

His Asp Glu Leu Val Leu Glu Ala Pro Lys Glu Arg Ala Glu Ala Val 
7B5 790 795 800 

GCC CGG CTG GCC AAG GAG GTC ATG GAG GGG GTG TAT CCC CTG GCC GTG 244 B 

Ala Arg Leu Ala Lys Glu val Met Glu Gly Val Tyr Pro Leu Ala val 
805 810 B15 
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CCC CTG GAG GTG GAG GTG GGG ATA GGG GAG GAC TGG CTC TCC GCC AAG 2496 
Pro Leu Glu val Glu Val Gly lie Gly Glu Asp Trp Leu Ser Ala Lys 
820 625 830 

GAG TGATAG 2S05 
Glu 

1£*IJ#-^ : 132 
E£ijcDg£ : 833 T ^ J 

Met Asn Ser Gly Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu 
15 10 15 

Leu Val As is Gly His His Leu Ala Tyr Arg Thr Phe His Ala Leu Lys 
20 25 30 

Gly Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe 
35 40 45 

Ala Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Asp Ala Val He 
50 55 60 

Val Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Gly 
65 70 75 80 

Gly Tyr Lys Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arg Gin 
85 B0 95 

Leu Ala Leu lie Lys Glu Leu Val Asp Leu Leu Gly Leu Ala Arg Leu 
aoo 105 HO 

Glu Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ale Ser Leu Ala Lys 
115 " 120 125 

Lys Ala Glu Lys Glu Gly Tyr Glu Val Arg lie Leu Thr Ala Asp Lys 
130 125 140 

Asp Leu Tyr Gin Leu Leu Ser Asp Arg He His Val Leu His Pro Glu 
145 150 155 160 

Glv Tyr Leu He Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu Arg 
165 " 170 175 

Pro Asp Gin Trp Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser Asp 
180 185 ISO 

Asn Leu Pro Gly val Lys Gly He Gly Glu Lys Thr Ala Arg Lys Leu 
195 200 205 

Leu Glu Glu Trp Gly Ser Leu Glu Ala Leu Leu Lys Asn Leu Asp Arg 
210 215 22D 

Leu Lys Pro Ala He Arg Glu Lys He Leu Ala His Met Asp Asp Leu 
225 230 235 240 

Lys Leu Ser Trp Asp Leu Ala Lys Val Arg Thr Asp Leu Pro Leu Glu 
245 250 255 

Val Asp Phe Ala Lys Arg Arg Glu Pro Asp Arg Glu Arg Leu Arg Ala 
260 " 265 270 
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Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly Leu 
275 2B0 285 

Leu Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu 
290 295 300 

Gly Ala Phe Val Gly Phe Val Leu Ser Arg Lys Glu Pro Met Trp Ala 
305 310 315 320 

Asp Leu Leu Ala Leu Ala Ala Ala Arg Gly Gly Arg Val His Arg Ala 
325 330 335 

Pro Glu Pro Tyr Lys Ala Leu Arg Asp Leu Lys Glu Ala Arg Gly Leu 
340 345 350 

Leu Ala Lys Asp Leu Ser Val Leu Ala Leu Arg Glu Gly Leu Gly Leu 
355 360 365 

Pro Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser 
370 375 3B0 

Asn Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp Thr 
385 390 395 400 

Glu Glu Ala Gly Glu Arg Ala Ala Leu Ser Glu Arg Leu Phe Ala Asn 
405 410 415 

Leu Trp Gly Arg Leu Glu Gly Glu Glu Arg Leu Leu Trp Leu Tyr Arg 
420 " 425 430 

Glu Val Glu Arg Pro Leu Ser Ala Val Leu Ala His Wet Glu Ala Thr 
435 " 440 445 

Gly Val Arg Leu Asp Val Ala Tyr Leu Arg Ala Leu Ser Leu Glu Val 
450 " 455 460 

Ala Gly Glu He Ala Arg Leu Glu Ala Glu Val Phe Arg Leu Ala Gly 
465 470 475 480 

Eis Pro Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg Val Leu Phe 
4B5 490 495 

Asp Glu Leu G-ly Leu Pro Ala He Gly Lys Thr Glu Lys Thr Gly Lys 
500 505 510 

Arg Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro 
515 520 525 

He Val Glu Lys He Leu Gin Tyr Arg Glu Leu Thr Lys Leu Lys Ser 
530 * 535 540 

Thr Tyr He Asp Pro Leu Pro Asp Leu He His Pro Arg Thr Gly Axg 
545 550 555 560 

Leu His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu ser 
565 570 575 

Ser Ser Asp Pro Asn Leu Gin Asn He Pro Val Arg Thr Pro Leu Gly 
560 585 590 

Gin Arq He Arg Arg Ala Phe He Ala Glu Glu Gly Trp Leu Leu Val 
595 600 605 

Ala Leu Val Tyr Ser Gin He Glu Leu Arg val Leu Ala His Leu Ser 
6L0 * 615 620 

Gly Asp Glu Asn Leu He Arg Val Phe Gin Glu Gly Arg Asp He His 
625 630 635 640 
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Thr Glu Thr Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp 
645 650 655 , 

Pro Leu Met Arg Arg Ala Ala Lys Thr He Asn Phe Gly Val Leu Tyr 
660 665 670 

Gly Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala He Pro Tyr Glu 
675 680 685 

Glu Ala Gin Ala Phe He Glu Arg Tyr Phe Gin Ser Phe Pro Lys Val 
690 695 700 

Arg Ala" Trp He Glu Lys Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr 
705 , 71D 715 720 

Val Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Glu Ala 

725 730 735 

Arg Val Lvs Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met • 
740 745 750 

Pro Val Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val Lys 
755 760 765 

Leu Phe Pro Arg Leu Glu Glu Met Gly Ala Arg Met Leu Leu Gin Val 

770 " 715 780 

His Asp Glu Leu Val Leu Glu Ala Pro Lys Glu Arg Ala Glu Ala Val 
785 790 795 800 

Ala Arg Leu Ala Lys Glu Val Met Glu Gly Val Tyr Pro Leu Ala Val 
805 810 815 

Pro Leu Glu Val Glu Val Gly He Gly Glu Asp Trp Leu Ser Ala Lys 
820 825 ■ 830 

Glu 

EW## : 133 

um<om : 

Wim : desc= TDNAj 

mm 

AAAATTCCTT TCTCTTTGCC CTTTGCTTCC 
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: 134 

mwm : mm 
m<vm : -#* 

hsKoS?- : lira 

: desc= TDNAj 

4#f$£ri§i~IE-^- : misc.difference 
ffft&g : (1..2, Tj) 

j&<Dmn : note = r^ixib rotfcfiWgiSli 2'-7*^-*->-> h W 5'-0- (1 

4#fffc£:s£i~fE-^ : misc.difference 
«ftffi :-R& (3, rj) 

«&Wfl!P« : note= r - ©ttfiOSStt 2' -x 5 v>> 5*-0- 

#}|5[^r^i"IE-^- : misc.difference 
#£&tt : g& (4..5, fj) 

: note= r ~tib<Di±w<Dmmiz 2'-ft^-y7f;w 5'-0- ( 1 
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^18Sr^1"lE# : misc.difference 
: Win (6..8, rj) 

fllQftSl : note= f:jlP,«fti«iH± 2'-7t^->f ; ^> 5'-0- (1 

: misc.difference 
: mm (9, rj> 

ft!i<£>'ff $S : note= rr©tg^ll± 2'-ft^r->y7/-» 5*-0- (1- 

1#$:£i£'^~f2?§- : misc.difference 
#£4fctt : (10, rj) 

tf&Oflf $ : note= r:©iil»?15!i 2'-ft^r^i/ h ->V 5'-0- (1-^ 

CCTAATTTGC CAGTTACAAA ATAAACAGCC C 31 

IEJ|J#-^ : 135 

m<D& : -#as 

mm : desc= TDNAj 

TGTGGAATTG TGAGCGG 17 
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: 136 

mmom ■ »s& 

: 

gnosis : flfe<o»» 

fft$ : desc= fDNAj 

TGGAGGCTCT CCATCAAAAA C 2 

mm** : 137 
: 

R£ : desc= TDNAj 

mm 

TGTGGAA7TG TGAGCGGATA ACAATTTCAC ACAGGAAACA GACCATGGGA GTGCAGTTTG SO 

GTGATTTTAT TCCAAAAAAT ATTATCTCCT TTGAAGATTT AAAAGGGAAA AAAGTAGCTA L20 

TTGATGGAAT GAATGCATTA TATCAGTTTT TAACATCTAT ACGTTTGAGA GATGGTTCTC 180 

CATTGAGAAA TAGAAAAGGA GAGATAACCT CAGCATATAA CGGAGTTTTT TATAAAACCA 240 

TACATTTGTT AGAGAATGAT ATAACTCCAA TCTGGGTTTT TGATGGAGAG CCTCCA 296 



: 138 

mwm : mm 
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m% : desc= TDNAJ 

TAATCTGTAT CAGGCTG 



ga?«#^ : 139 
E?9©fi$ : 21 t&mtt 

mwmm : 

tfcPj! : desc= TDNAj 
EBI 

GTTTTTGATG GAGAGCCTCC A 



E£J#* : 140 

IE?iJO;E:£ : 889 

m<n$k : 

e*j©»r : m<^mm 

&W : desc= TDNAj 
E*J 

GTTTTTGATG GAGAGCCTCC AGAATTCAAA AAGAAAGAGC TCGAAAAAAG AAGAGAAGCG 60 
AGAGAGGAAG CTGAAGAAAA GTGGAGAGAA GCACTTGAAA AAGGAGAGAT AGAGGAAGCA 120 

AGAAAATATG CCCAAAGAGC AACCAGGGTA AATGAAATGC TCATCGAGGA TGCAAAAAAA 180 

CTCTTAGAGC TTATGGGAAT TCCTATAGTT CAAGCACCTA GCGAGGGAGA GGCCCAAGCT 24 0 

GCATATATGG CCGCAAAGGG GAGCGTGTAT GCATCGGCTA GTCAAGATTA CGATTCCCTA 300 

CTTTTTGGAG CTCCAAGACT TGTTAGAAAC TTAACAATAA CAGGAAAAAG AAAGTTGCCT 360 

GGGAAAAATG TCTACGTCGA GATAAAGCCC GAGTTGATAA TTTTGGAGGA AGTACTCAAG 420 
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GAATTAAAGC TAACAAGAGA AAAGCTCATT GAACTAGCAA TCCTCGTTGG AACAGACTAC 4 80 

AACCCAGGAG GAATAAAGGG CATAGGCCTT AAAAAAGCTT TAGAGATTGT TAGACACTCA S4 0 

AAAGATCCGC TAGCAAAG7T CCAAAAGCAA AGCGATGTGG ATTTATATGC AATAAAAGAG 600 

TTCTTCCTAA ACCCACCAGT CACAGATAAC TACAATTTAG TGTGGAGAGA TCCCGACGAA 660 

GAGGGAATAC TAAAGTTCTT ATGTGACGAG CATGACTTTA GTGAGGAAAG AGTAAAGAAT 720 

GGATTAGAGA GGCTTAAGAA GGCAATCAAA AGTGGAAAAC AATCAACCCT TGAAAGTTGG 7 80 

TTCAAGAGAT AACCTTAAAG TCTATTGCAA TGTTATACTG ACGCGCTGCA GGCATGCAAG 840 

CTTGGCTGTT TTGGCGGATG AGAGAAGATT TTCAGCCTGA TACAGATTA 8 89 

mm^ : hi 

BW©*£ : 1164tft5» 
t£0J? : desc= TDNAj 

mm 



TGTGGAATTG 


TGAGCGGATA 


ACAATTTCAC 


ACAGGAAACA 


GACCATGGGA 


GTGCAGTTTG 


60 


GTGATTTTAT 


TCCAAAAAAT 


ATTATCTCCT 


TTGAAGATTT 


AAAAGGGAAA 


AAAGTAGCTA 


120 


TTGATGGAAT 


GAATGCATTA 


TATCAGTTTT 


TAACATCTAT 


ACGTTTGAGA 


GATGGTTCTC 


180 


CATTGAGAAA 


TAGAAAAGGA 


GAGATAACCT 


CAGCATATAA 


CGGAGTTTTT 


TATAAAACCA 


240 


TACATTTGTT 


AGAGAATGAT 


ATAACTCCAA 


TCTGGGTTTT 


TGATGGAGAG 


CCTCCAGAAT 


300 


TCAAAAAGAA 


AGAGCTCGAA 


AAAAGAAGAG 


AAGCGAGAGA 


GGAAGCTGAA 


GAAAAGTGGA 


360 


GAGAAGCACT 


TGAAAAAGGA 


GAGATAGAGG 


AAGCAAGAAA 


ATATGCCCAA 


AGAGCAACCA 


420 


GGGTAAATGA 


AATGCTCATC 


GAGGATGCAA 


AAAAACTCTT 


AGAGCTTATG 


GGAATTCCTA 


4B0 


TAGTTCAAGC 


ACCTAGCGAG 


GGAGAGGCCC 


AAGCTGCATA 


TATGGCCGCA 


AAGGGGAGCG 


540 


TGTATGCATC 


GGCTAGTCAA 


GATTACGATT 


CCCTACTTTT 


TGGAGCTCCA 


AGACTTbTTA 


600 


GAAACTTAAC 


AATAACAGGA 


AAAAGAAAGT 


TGCCTGGGAA 


AAATGTCTAC 


GTCGAGATAA 


660 


AGCCCGAGTT 


GATAATTTTG 


GAGGAAGTAC 


TCAAGGAATT 


AAAGCTAACA 


AGAGAAAAGC 


720 


TCATTGAACT 


AGCAATCCTC 


GTTGGAACAG 


ACTACAACCC 


AGGAGGAATA 


AAGGGCATAG 


780 


GCCTTAAAAA 


AGCTTTAGAG 


ATTGTTAGAC 


ACTCAAAAGA 


TCCGCTAGCA 


AAGTTCCAAA 


840 


AGCAAAGCGA 


TGTGGATTTA 


TATGCAATAA 


AAGAGTTCTT 


CCTAAACCCA 


CCAGTCACAG 


900 


ATAACTACAA 


TTTAGTGTGG 


AGAGATCCCG 


ACGAAGAGGG 


AATACTAAAG 


TTCT7ATGTG 


960 
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ACGAGCATGA CTTTAGTGAG GAAAGAGTAA AGAATGGATT AGAGAGGCTT AAGAAGGCAA 1020 

TCAAAAGTGG AAAACAATCA ACCCTTGAAA GTTGGTTCAA GAGATAACCT TAAAGTCTAT 1080 

TGCAATGTTA TACTGACGCG CTGCAGGCAT GCAAGCTTGG CTGTTTTGGC GGATGAGAGA 1140 

AGATTTTCAG CCTGATACAG ATTA 1164 

SJfllfrS- : 142 
gc#ltf)ft£ : 296 ft S3* 

mwm. : mm 

ffc9l : desc= TDNAj 
EM 

TGTGGAATTG TGAGCGGATA ACAATTTCAC ACAGGAAACA GACCATGGGT GTCCCAATTG 60 

GTGAGATTAT ACCAAGAAAA GAAATTGAGT TAGAAAACCT ATACGGGAAA AAAATC3CAA 120 

TCGACGCTCT TAATGCAATC TACCAATTTT TGTCCACAAT AAGACAGAAA GATGGAACTC 180 

CACTTATGGA TTCAAAGGGT AGAATAACCT CCCACCTAAG CGGGCTCTTT TACAGGACAA 24 0 

TAAACCTAAT GGAGGCTGGA ATAAAACCTG TGTATGTTTT TGATGGAGAG CCTCCA 296 



|S?IJ#^ : 143 
SS^iJ^g^ : 840ftStt 

siwnm : m 

t&PJ : desc= TDNAj 

GTTTTTGATG GAGAGCCTCC AAAGTTAAAG GAGAAAACAA GGAAAGTTAG GAGAGAGATG 60 

AAAGAGAAAG CTGAACTTAA GATGAAAGAG GCAATTAAAA AGGAGGATTT TGAAGAAGCT 120 

GCTAAGTATG CAAAGAGGGT TAGCTATCTA ACTCCGAAAA TGGTTGAAAA CTGCAAATAT L80 

TTGTTAAGTT TGATGGGCAT TCCGTATGTT GAAGCTCCCT CTGAGGGAGA GGCACAAGCA 240 

AGCTATATGG CAAAGAAGGG AGATGTTTGG GCAGTTGTAA GTCAAGATTA TGATGCCTTG 300 
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TTATATGGAG CTCCGAGAGT TGTTAGAAAT TTAACAACTA CAAAGGAGAT GCCAGAACTT 360 

ATTGAATTAA ATGAGGTTTT AGAGGATTTA AGAATTTCTT TGGATGATTT GATAGATATA 420 

GCCATATTTA TGGGAACTGA CTATAATCCA GGAGGAGTTA AAGGAATAGG ATTTAAAAGG 48 0 

GCTTATGAAT TGGTTAGAAG TGGTGTAGCT AAGGATGTTT TGAAAAAAGA GGTTGAATAC 540 

TACGATGAGA TTAAGAGGAT ATTTAAAGAG CCAAAGGTTA CCGATAACTA TTCATTAAGC 600 

CTAAAATTGC CAGATAAAGA GGGAATTATA AAATTCTTAG TTGATGAAAA TGACTTTAAT 660 

TATGATAGGG TTAAAAAGCA TGTTGATAAA CTCTATAACT TAATTGCAAA CAAAACTAAG 72 0 

CAAAAAACAT TAGATGCATG GTTTAAATAA TTTATATAAT TTTGTGGGAT GTCGACCTGC 7 80 

AGGCATGCAA GCTTGGCTGT TTTGGCGGAT GAGAGAAGAT TTTCAGCCTG ATACAGATTA 840 

: 144 

SH?IJ©^^ : 1115 i&mtt 

m<n& : -## 

fBUm ■ desc- TDNAj 

mm 



TGTGGAATTG 


TGAGCGGATA 


ACAATTTCAC 


ACAGGAAACA 


GACCATGGGT 


GTCCCAATTG 


60 


GTGAGATTA7 


ACCAAGAAAA 


GAAATTGAGT 


TAGAAAACCT 


ATACGGGAAA 


AAAATCGCAA 


120 


TCGACGCTCT 


TAATGCAATC 


TACCAATTTT 


TGTCCACAAT 


AAGACAGAAA 


GATGGAACTC 


180 


CACTTATGGA TTCAAAGGGT 


AGAATAACCT 


CCCACCTAAG 


CGGGCTCTTT 


TACAGGACAA 


240 


TAAACCTAAT 


GGAGGCTGGA 


ATAAAACCTG 


TGTATGTTTT 


TGATGGAGAG 


CCTCCAAAGT 


300 


TAAAGGAGAA 


AACAAGGAAA 


GTTAGGAGAG 


AGATGAAAGA 


GAAAGCTGAA 


CTTAAGATGA 


360 


AAGAGGCAAT 


TAAAAAGGAG 


GATTTTGAAG 


AAGCTGCTAA 


GTATGCAAAG 


AGGGTTAGCT 


420 


ATCTAACTCC 


GAAAATGGTT 


GAAAACTGCA 


AATATTTGTT 


AAGTTTGATG 


GGCATTCCGT 


480 


ATGTTGAAGC 


TCCCTCTGAG 


GGAGAGGCAC 


AAGCAAGCTA 


TATGGCAAAG 


AAGGGAGATG 


540 


TTTGGGCAGT 


TGTAAGTCAA 


GATTATGATG 


CCTTGTTATA 


TGGAGCTCCG 


AGAGTTGTTA 


600 


GAAATTTAAC 


AACTACAAAG 


GAGATGCCAG 


AACTTATTGA 


ATTAAATGAG 


GTTTTAGAGG 


660 


ATTTAAGAAT 


TTCTTTGGAT 


GATTTGATAG 


ATATAGCCAT 


ATTTATGGGA 


ACTGACTATA 


720 
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ATCCAGGAGG 


AGTTAAACCA 


ATAGGATTTA AAAGGGCTTA 


TGAATTGGTT 


AGAAGTGGTG 


760 


TAGCTAAGGA 


TGTTTTGAAA 


AAAGAGGTTG AATACTACGA 


TGAGATTAAG 


AGGATATTTA 


840 


AAG AG C C AAA 


GGTTACCGAT 


AACTATT CAT TAAGCCTAAA 


ATTGCCAGAT 


AAAGAGGGAA 


900 


TTATAAAATT 


CTTAGTTGAT 


GAAAATGACT TTAATTATGA 


TAGG GTTAAA 


AAGCATGTTG 


960 


ATAAACTCTA 


TAACTTAATT 


GCAAACAAAA CTAACCAAAA 


AACATTAGAT 


GCATGGTTTA 


1020 


AATAAITTAT 


ATAATTTTGT 


GGGATGTCGA CCTGCAGGCA 


TGCAAGCTTG 


GCTGTTTTGG 


1080 


CGGATGAGAG 


AAGATTTTCA 


GCCTGATACA GATTA 






1115 



iE?1J## : 145 
IH^JCDJ^ : 386&S*t 

mmm. mm 

mm : desc= TDNAj 



TGTGGAATTG 


TGAGCGGATA 


ACAATTTCAC 


ACAGGAAACA 


GACCATGGGT 


GTCCCAATTG 


60 


GTGAGATTAT 


ACCAAGAAAA 


GAAATTGAGT 


TAGAAAACCT 


ATACGGGAAA 


AAAATCGCAA 


120 


TCGACGCTCT 


TAATGCAATC 


TACCAATTTT 


TGTCCACAAT 


AAGACAGAAA 


GATGGAACTC 


180 


CACTTATGGA 


TTCAAAGGGT 


AGAATAACCT 


CCCACCTAAG 


CGGGCTCTTT 


TACAGGACAA 


240 


TAAACCTAAT 


GGAGGCTGGA 


ATAAAACCTG 


TGTATGTTTT 


TGATGGAGAA 


CCTCCAGAAT 


300 


TCAAAAAGAA AGAGCTCGAA 


AAAAGAAGAG 


AAG CGAGAGA 


GGAAGCTGAA 


GAAAAGTGGA 


360 


GAGAAGCACT 


TGAAAAAGGA 


GAGATA 








386 



: 146 

ge?y<z>s : mm 

m.m : desc = TDNAj 

33 

TACTTAGCAG CTTCTTCTAT CTCTCCTTTT TCA 
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: 147 • 

mm<om ■■ mm 

R9J : desc= TDNAJ 



GAAGAAGCTG 


CTAAGTATGC 


AAAGAGGGTT 


AGCTATCTAA 


CTCCGAAAAT 


GGTTGAAAAC 


60 


TGCAAATATT 


TGTTAAGTTT 


GATGGGCATT 


CCGTATGTTG 


AAGCTCCCTC 


TGAGGGAGAG 


120 


GCACAAGCAA 


GCTATATGGC 


AAAGAAGGGA 


GATGTTTGGG 


CAGTTGTAAG 


TCAAGATTAT 


1B0 


GATGCCTTGT 


TATATGGAGC 


TCCGAGAGTT 


GTTAGAAATT 


TAACAACTAC 


AAAGGAGATG 


240 


CCAGAACTTA 


TTGAATTAAA 


TGAGGTTTTA 


GAGGATTTAA 


GAATTTCTTT 


GGATGATTTG 


300 


ATAGATATAG 


CCATATTTAT 


GGGAACTGAC 


TATAATCCAG 


GAGGAGTTAA 


AGGAATAGGA 


360 


TTTAAAAGGG 


CTTATGAATT 


GGTTAGAAGT 


GGTGTAGCTA 


AGGATGTTTT 


GAAAAAAGAG 


420 


GTTGAATACT 


ACGATGAGAT 


TAAGAGG ATA 


TTTAAAGAGC 


CAAAGGTTAC 


CGATAACTAT 


4B0 


TCATTAAGCC 


TAAAATTGCC 


AGATAAAGAG 


GGAATTATAA 


AATTCTTAGT 


TGATGAAAAT 


540 


GACTTTAATT 


AtGATAGGGT 


TAAAAAGCAT 


GTTGATAAAC 


TCTATAACTT 


AATTGCAAAC 


600 


AAAACTAAGC 


AAAAAACATT 


AGATGCATGG 


TTTAAACACC 


ACCACCACCA 


CCACTAACTG 


660 



CAGCGGTA 660 

£JJ## : 148 

mwm. : mm 

®.W : desc= fDNAj 

mm 

TACCGCTGCA GTTAGTGGTG GTGGTGGTGG TGTTTAAACC ATGCATCTAA TGT 53 
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K?']#-*5- : 149 • 

m<vm : -** 

mm : desc= TDNAj 

GAAGAAGCTG CTAAGTA 1"? 



mm^ •. 150 

IS?iJ : 1054 MM 

mwm : mm 

tOim : desc-= TDNAj 



TGTGGAATTG 


TGAGCGGATA 


ACAATTTCAC ACAGGAAACA GACCATGGGT GTCCCAATTG 


60 


GTGAGATTAT 


ACCAAGAAAA 


GAAATTGAGT 


TAGAAAACCT 


ATACGGGAAA AAAATCGCAA 


120 


TCGACGCTCT 


TAATG CAATC 


TACCAATTTT 


TGTCCACAAT 


AAGACAGAAA GATGGAACTC 


180 


CACTTATGGA 


TTCAAAGGGT 


AGAATAACCT 


CCCACCTAAG 


CGGGCTCTTT TACAGGACAA 


240 


TAAACCTAAT 


GGAGGCTGGA 


ATAAAACCTG 


TGTAIUTTTT 


TGATGGAGAA CCTCCAGAAT 


300 


TCAAAAAGAA 


AGAGCTCGAA 


AAAAGAAGAG AAGCGAGAGA 


GGAAGCTGAA GAAAAGTGGA 


360 


GAGAAGCACT 


TGAAAAAGGA 


GAGATAGAAG 


AAGCTGCTAA 


GTATGCAAAG AGGGTTAGCT 


420 


ATCTAACTCC 


GAAAATGGTT 


GAAAACTGCA AATATTTGTT AAGTTTGATG GGCATTCCGT 


480 


ATGTTGAAGC 


TCCCTCTGAG 


GGAGAGGCAC 


AAGCAAGCTA 


TATGGCAAAG AAGGGAGATG 


540 


TTTGGGCAGT 


TGTAAGTCAA 


GATTATGATG 


CCTTGTTATA 


TGGAGCTCCG AGAGTTGTTA 


600 


GAAAriTAAC 


AACTACAAAG 


GAGATGCCAG 


AACTTATTGA 


ATTAAATGAG GTTTTAGAGG 


660 


ATTTAAGAAT 


TTCTTTGGAT 


GATTTGATAG 


ATATAGCCAT 


ATTTATGGGA ACTG ACT ATA 


720 


AT -CAGGAGG 


AGTTAAAGGA 


ATAGGATTTA 


AAAGGGCTTA 


TGAATTGGTT AGAAGTGGTG 


790 


TAGCTAAGGA 


TGTTTTGAAA 


AAAGAGGTTG 


AATACTACGA 


TGAGATTAAG AGGATATTTA 


840 
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AAGAGCCAAA GGTTACCGAT AACTATTCAT TAAGCCTAAA ATTGCCAGAT AAAGAGGGAA 900 

TTATAAAATT CTTAGTTGAT GAAAATGACT TTAATTATGA TAGGGTTAAA AAGCATGTTG 960 

ATAAACTCTA TAACTTAATT GCAAACAAAA CTAAGCAAAA AACATTAGAT GCATGGTTTA 1020 

AACACCACCA CCACCACCAC TAACTGCAGC GGTA 1054 

.BBW-9- : 151 

mw&z : 514 

Vtm : desc= TDNAj 



TGTGGAATTG 


TGAGCGGATA 


ACAATTTCAC ACAGGAAACA 


GACCATGGGA GTGCAGTTTG 


60 


GTGATTTTAT 


TCCAAAAAAT 


ATTATCTCCT TTGAAGATTT AAAAGGGAAA AAAGTAGCTA 


120 


TTGATGGAAT 


GAATGCATTA 


TATCAGTTTT TAACATCTAT 


ACGTTTGAGA GATGGTTCTC 


180 


CATTGAGAAA 


TAGAAAAGGA 


GAGATAACCT CAGCATATAA 


CGGAGTTTTT TATAAAACCA 


240 


TACATTTGTT 


AGAGAATGAT 


ATAACTCCAA TCTGGGTTTT 


TGATGGTGAG CCACCAAAGT 


300 


TAAAGGAGAA 


AACAAGGAAA 


GTTAGGAGAG AGATGAAAGA 


GAAAGCTGAA CTTAAGATGA 


360 


AAGAGGCAAT 


TAAAAAGGAG 


GATTTTGAAG AAGCTGCTAA 


GTATGCAAAG AGGGTTAGCT 


420 


ATCTAACTCC 


GAAAATGGTT 


GAAAACTGCA AATATTTGTT 


AAGTTTGATG GGCATTCCGT 


480 


ATGTTGAAGC 


TCCCTCTGAG 


GGAGAGGCCC AAGC 




514 



ge?iJ#-5§- : 152 
E«(Dft* : 17tgg*f 

mmm : mm 
mow. : 

mnvmm ■. m<nmm 

®.W : desc= fDNAj 

mm 



-373- 



GCTTGGGCCT CTCCCTC 



17 



mPm^r : 153 
i&W : desc= TDNAJ 



GAGGGAGAGO CCCAAGCTGC 


ATATATGGCC GCAAAGGGGA GCGTGTATGC ATCGGCTAGT 


60 


CAAGATTACG 


ATTCCCTACT 


TTTTGGAGCT CCAAGACTTG TTAGAAACTT AACAATAACA 


120 


GGAAAAAGAA 


AGTTGCCTGG 


GAAAAATGTC TACGTCGAGA TAAAGCCCGA GTTGATAATT 


180 


TTGGAGGAAG 


TACTCAAGGA 


ATTAAAGCTA ACAAGAGAAA AGCTCATTGA ACTAGCAATC 


240 


CTCGTTGGAA 


CAGACTACAA 


CCCAGGAGGA ATAAAGGGCA TAGGCCTTAA AAAAGCTTTA 


300 


GAGATTGTTA 


GACACTCAAA 


AGATCCGCTA GCAAAGTTCC AAAAGCAAAG CGATGTGGAT 


360 


TTATATGCAA 


TAAAAGAGTT 


CTTCCTAAAC CCACCAGTCA CAGATAACTA CAATTTAGTG 


420 


TGGAGAGATC 


CCGACGAAGA 


GGGAATACTA AAGTTCTTAT GTGACGAGCA TGACTTTAGT 


480 


GAGGAAAGAG 


TAAAGAATGG 


ATTAGAGAGG CTTAAGAAGG CAATCAAAAG TGGAAAACAA 


540 


TCAACCCTTG AAAGTTGGTT 


CAAGAGATAA CCTTAAAGTC TATTGCAATG TTATACTGAC 


600 


GCGCTGCAGG 


CATGCAAGCT 


TGGCTGTTTT GGCGGATGAG AGAAGATTTT CAGCCTGATA 


660 


CAGATTA 






667 



: 154 

mm : desc= TDNAj 

mm 
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GAGGGAGAGG CCCAAGC 



17 



E?!l#-§- : 155 
gE?'J<£>ft£ : 1164 t£g*j" 

IfePJ : desc= TDNAj 
R8I 



TGTGGAATTG 


TGAGCGGATA 


ACAATTTCAC ACAGGAAACA GACCATGGGA 


GTGCAGTTTG 


€0 


GTGATTTTAT 


TCCAAAAAAT 


ATTATCTCCT TTGAAGATTT AAAAGGGAAA AAAGTAGCTA 


120 


TTGATGGAAT 


GAATGCATTA 


TATCAGTTTT TAACATCTAT ACGTTTGAGA 


GATGGTTCTC 


180 


CATTGAGAAA 


TAGAAAAGGA 


GAGATAACCT CAGCATATAA CGGAGTTTTT 


TATAAAACCA 


240 


T ACAT TTGT T 


AGAGAATGAT 


ATAACTCCAA TCTGGGTTTT TGATGGTGAG 


CCACCAAAGT 


"i on 


TAAAGGAGAA 


AACAAGGAAA 


GTTAGGAGAG AGATGAAAGA GAAAGCTGAA 


CTTAAGATGA 


360 


AAGAGGCAAT 


TAAAAAGGAG 


GATTTTGAAG AAGCTGCTAA GTATGCAAAG 


AGGGTTAGCT 


420 


ATCTAACTCC 


GAAAATGGTT 


GAAAACTGCA AATATTTGTT AAGTTTGATG 


GGCATTCCGT 


460 


ATGTTGAAGC 


TCCCTCTGAG 


GGAGAGGCCC AAGCTGCATA TATGGCCGCA 


AAGGGGAGCG 


540 


TGTATGCATC 


GGCTAGTCAA 


GATTACGATT CCCTACTTTT TGGAGCTCCA 


AGACTTGTTA 


600 


GAAACTTAAC 


AATAACAGGA 


AAAAGAAAGT TGCCTGGGAA AAATGTCTAC 


GTCGAGATAA 


660 


AGCCC GAGTT 


GATAATTTTG 


GAGGAAGTAC TCAAGGAATT AAAGCTAACA 


AGAGAAAAGC 


720 


TCATTGAACT 


AGCAATCCTC 


GTTGGAACAG ACTACAACCC AGGAGGAATA 


AAGGGCATAG 


780 


GCCTTAAAAA 


AGCTTTAGAG 


ATTGTTAGAC ACTCAAAAGA TCCGCTAGCA 


AAGTTCCAAA 


840 


AGCAAAGCGA 


TGTGGATTTA 


TATGCAATAA AAGAGTTCTT CCTAAACCCA 


CCAGTCACAG 


900 


ATAACTACAA 


TTTAGTGTGG 


AGAGATCCCG ACGAAGAGGG AATACTAAAG 


TTCTTATGTG 


960 


ACGAGCATGA 


CTTTAGTGAG 


GAAAGAGTAA AGAATGGATT AGAGAGGCTT 


AAGAAGGCAA 


1020 


TCAAAAGTGG 


AAAACAATCA 


ACCCTTGAAA GTTGGTTCAA GAGATAACCT 


T AAAGT CT AT 


1080 


TGCAATGTTA 


TACTGACGCG 


CTGCAGGCAT GCAAGCTTGG CTGTTTTGGC 


GGATGAGAGA 


1140 


AGATTTTCAG 


CCTGATACAG 


ATTA 




1164 
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: 156 
SB^IJWS : 

: -#« 

htfn v>- : 
!fc§B : desc= TDNAJ 

TGTGGAATTG TGAGCGGATA ACAATTTCAC ACAGGAAACA GACCATGGGT GTCCCAATTG 60 

GTGAGATTAT ACCAAGAAAA GAAATTGAGT TAGAAAACCT ATACGGGAAA AAAATCGCAA 120 

. TCGACGCTCT TAATGCAATC TACCAATTTT TGTCCACAAT AAGACAGAAA GATGGAACTC 180 

CACTTATGGA TTCAAAGGGT AGAATAACCT CCCACCTAAG CGGGCTCTTT TACAGGACAA 240 

TAAACCTAAT GGAGGCTGGA ATAAAACCTG TGTATGTTTT TGATGGAGAA CCTCCAGAAT 300 

TCAAAAAGAA AGAGCTCGAA AAAAGAAGAG AAGCGAGAGA GGAAGCTGAA GAAAAGTGGA 360 

GAGAAGCACT TGAAAAAGGA GAGATAGAQG AAGCAAGAAA ATATGCCCAA AGAGCAACCA 420 

GGGTAAATGA AATGCTCATC GAGGATGCAA AAAAACTCTT AGAGCTTATG GGAATTCCTA 480 

TAGTTCAAGC ACCTAGCGAG GGAGAGGCCC AAGC 514 

@E?iJ#-*§- : 157 
BE?U<©:&£ : 618 

mm : desc= TDNAj 

mn 

GAGGGAGAOG CCCAAGCAAG CTATATGGCA AAGAAGGGAG ATGTTTGGGC AGTTGTAAGT 60 

CAAGATTATG ATGCCTTGTT ATATGGAGCT CCGAGAGTTG TTAGAAATTT AACAACTACA 12 0 

AAGGAGATGC CAGAACTTAT TGAATTAAAT GAGGTTTTAG AGGATTTAAG AATTTCTTTG 180 
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GATGATTTGA TAGATATAGC CATATTTATG GGAACTGACT ATAATCCAGG AGGAGTTAAA 240 

GGAATAGGAT TTAAAAGGGC TTATGAATTG GTXAGAAGTG GTGTAGCTAA GGATGTTTTG 300 

AAAAAAGAGG TTGAATACTA CGATGAGATT AAGAGGATAT TTAAAGAGCC AAAGGTTACC 360 

GATAACTATT CATTAAGCCT AAAATTGCCA GATAAAGAGG GAATTATAAA ATTCTTAGTT 420 

GATGAAAATG AC7TTAATTA TGATAGGGTT AAAAAGCATG TTGATAAACT CTATAACTTA 480 

ATTGCAAACA AAACTAAGCA AAAAACATTA GATGCATGGT TTAAATAATT TATATAATTT 54 0 

TGTGGGATGT CGACCTGCAG GCATGCAAGC TTGGCTGTTT TGGCGGATGA GAGAAGATTT €00 

TCAGCCTGAT ACAGATTA 618 

@a^J#^ : 158 
R*J<D*"3 : 1115 *S*f 

$&m : desc= fDNAj 

TGTGGAATTG TGAGCGGATA ACAATTTCAC ACAGGAAACA GACCATGGGT GTCCCAATTG €0 

GTGAGATTAT ACCAAGAAAA GAAATTGAGT TAGAAAACCT ATACGGGAAA AAAATCGCAA 120 

TCGACGCTCT TAATGCAATC TACCAATTTT TGTCCACAAT AAGACAGAAA GATGGAACTC 180 

CACTTATGGA TTCAAAGGGT AGAATAACCT CCCACCTAAG CGGGCTCTTT TACAGGACAA 24 0 

TAAACCTAAT GGAGGCTGGA ATAAAACCTG TGTATGTTTT TGATGGAGAA CCTCCAGAAT 300 

TCAAAAAGAA AGAGCTCGAA AAAAGAAGAG AAGCGAGAGA GGAAGCTGAA GAAAAGTGGA 360 

GAGAAGCACT TGAAAAAGGA GAGATAGAGG AAGCAAGAAA ATATGCCCAA AGAGCAACCA 420 

GGGTAAATGA AATGCTCATC GAGGATGCAA AAAAACTCTT AGAGCTTATG GGAATTCCTA 480 

TAGTTCAAGC ACCTAGCGAG GGAGAGGCCC AAGCAAGCTA TATGGCAAAG AAGGGAGATG 540 

TTTGGGCAGT TGTAAGTCAA GATTATGATG CCTTGTTATA TGGAGCTCCG AGAGTT GTT A 600 

GAAATTTAAC AACTACAAAG GAGATGCCAG AACTTATTGA ATTAAATGAG G TTTl ' A GAGG 660 

ATTTAAGAAT TTCTTTGGAT GATTTGATAG ATATAGCCAT ATTTATGGGA ACTGACTATA 72 0 

ATCCAGGAGG AGTTAAAGGA ATAGGATTTA AAAGGGCTTA TGAATTGGTT AGAAGTGGTG 780 

TAGCTAAGGA TGTTTTGAAA AAAGAGGTTG AATACTACGA TGAGATTAAG AGGATATTTA 84 0 

AAGAGCCAAA GGTTACCGAT AACTATTCAT TAAGCCTAAA ATTGCCAGAT AAAGAGGGAA 900 

TTATAAAATT CTTAGTTGAT GAAAATGACT TTAATTATGA TAGGGTTAAA AAGCATGTTG 960 

ATAAACTCTA TAACTTAATT GCAAACAAAA CTAAGCAAAA AA CATTAG AT GCATGGTTTA 1020 

AATAATTTAT AT AAT TTTGT GGGATGTCGA CCTGCAGGCA TGCAAGCTTG GCTGTTTTGG 1080 

CGGATGAGAG AAGATTTTCA GCCTGATACA GATTA 111S 
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EM#* : 159 
SH^iJCOS^ : 2505 i&mtt 

mwm : 
m<ow : -*« 

E70tf>3?g : DNA (genomic) 

ATGGAGGCGA TGCTTCCGCT CTTTGAACCC AAAGGCCGGG TCCTCCTGGT GGACGGCCAC SO 

CACCTGGCCT ACCGCACCTT CTTCGCCCTG AAGGGCCTCA CCACGAGCCG GGGCGAACCG 120 

GTGCAGGCGG TCTACGGCTT CGCCAAGAGC CTCCTCAAGG CCCTGAAGGA GGACGGGTAC 180 

AAGGCCGTCT TCGTGGTCTT TGACGCCAAG GCCCCCTCCT TCCGCCACGA GGCCTACGAG 240 

GCCTACAAGG CGGGGAGGGC CCCGACCCCC GAGGACTTCC CCCGGCAGCT CGCCCTCATC 300 

AAGGAGCTGG TGGACCTCCT GGGGTTTACC CGCCTCGAGG TCCCCGGCTA CGAGGCGGAC 360 

GACGTTCTCG CCACCCTGGC CAAGAAGGCG GAAAAGGAGG GGTACGAGGT GCGCATCCTC 420 

ACCGCCGACC GCGACCTCTA CCAACTCGTC TCCGACCGCG TCGCCGTCCT CCACCCCGAG 480 

GGCCACCTCA TCACCCCGGA GTGGCTTTGG GAGAAGTACG GCCTCAGGCC GGAGCAGTGG 540 

GTGGACTTCC GCGCCCTCGT GGGGGACCCC TCCGACAACC TCCCCGGGGT CAAGGGCATC 600 

GGGGAGAAGA CCGCCCTCAA GCTCCTCAAG GAGTGGGGAA GCCTGGAAAA CCTCCTCAAG 660 

AACCTGGACC GGGTAAAGCC AGAAAACGTC CGGGAGAAGA TCAAGGCCCA CCTGGAAGAC 720 

CTCAGGCTCT CCTTGGAGCT CTCCCGGGTG CGCACCGACC TCCCCCTGGA GGTGGACCTC 7 BO 

GCCCAGGGGC GGGAGCCCGA CCGGGAGGGG CTTAGGGCCT TCCTGGAGAG GCTGGAGTTC 840 

GGCAGCCTCC TCCACGAGTT CGGCCTCCTG GAGGCCCCCG CCCCCCTGGA GGAGGCCCCC 900 

TGGCCCCCGC CGGAAGGGGC CTTCGTGGGC TTCGTCCTCT CCCGCCCCGA GCCCATGTGG 960 

GCGGAGCTTA AAGCCCTGGC CGCCTGCAGG GACGGCCGGG TGCACCGGGC AGCAGACCCC 102 0 

TTGGCGGGGC TAAAGGACCT CAAGGAGGTC CGGGGCCTCC TCGCCAAGGA CCTCGCCGTC 1080 

TTGGCCTCGA GGGAGGGGCT AGACCTCGTG CCCGGGGACG ACCCCATGCT CCTCGCCTAC 1140 

CTCCTGGACC CCTCCAACAC CACCCCCGAG GGGGTGGCGC GGCGCTACGG GGGGGAGTGG 1200 

ACGGAGGACG CCGCCCACCG GGCCCTCCTC TCGGAGAGGC TCCATCGGAA CCXCCTTAAG 126 0 

CGCCTCGAGG GGGAGGAGAA GCTCCTTTGG CTCTACCACG AGGTGGAAAA GCCCCTCTCC 1320 

CGGGTCCTGG CCCACATGGA GGCCACCGGG GTACGGCGGG ACGTGGCCTA CCTTCAGGCC 1380 

CTTTCCCTGG AGCTTGCGGA GGAGATCCGC CGCCTCGAGG AGGAGGTCTT CCGCTTGGCG 1440 

GGCCACCCCT TCAACCTCAA CTCCCGGGAC CAGCTGGAAA GGGTGCTCTT TGACGAGCTT 1500 

AGGCTTCCCG CCTTGGGGAA GACGCAAAAG ACAGGCAAGC GCTCCACCAG CGCCGCGGTG 1560 

CTGGAGGCCC TACGGGAGGC CCACCCCATC GTGGAGAAGA TCCTCCAGCA CCGGGAGCTC 1620 
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A.CCAAGCTCA 


AGAACACCTA 


CGTGGACCCC 


CTCCCAAGCC TCGTCCACCC 


GAGGACGGGC 


• 16B0 


CGCCTCCACA 


CCCGCTTCAA 


CCAGACGGCC 


ACGGCCACGG GGAGGCTTAG 


TAGCTCCGAC 


1740 


CCCAACCTGC 


AGAACATCCC 


CGTCCGCACC 


CCCTTGGGCC AGAGGATCCG 


CCGGGCCTTC 


1800 


GTGGCCGAGG 


CGGGTTGGGC 


GTTGGTGGCC 


CTGGACTATA GCCAGATAGA 


GCTCCGCGTC 


1860 


CTCGCCCACC 


TCTCCGGGGA 


CGAAAACCTG 


ATCAGGGTCT TCCAGGAGGG 


GAAGGACATC 


1920 


CACACCCAGA 


CCGCAAGCTG 


GATGTTCGGC 


GTCCCCCCGG AGGCCGTGGA CCCCCTGATG 


1980 


CGCCGGGCGG 


CCAAGACGGT 


GAACTTCGGC 


GTCCTCTACG GCATGTCCGC 


CCATAGGCTC 


2040 


TCCCAGGAGC 


TTGCCATCCC 


CTACGAGGAG 


GCGGTGGCCT TTATAGAGCG 


CTACTTCCAA 


2100 


AGCTTCCCCA 


AGGTGCGGGC 


CTGGATAGAA 


AAGACCCTGG AGGAGGGGAG 


GAAGCGGGGC 


2160 


TACGTGGAAA 


CCCTCTTCGG 


AAGAAGGCGC 


TACGTGCCCG ACCTCAACGC 


CCGGGTGAAG 


2220 


AGCGTCAGGG 


AGGCCGCGGA 


GCGCATGGCC 


TTCAACATGC CCGTCCAGGG 


CACCGCCGCC 


2280 


GACCTCATGA 


AGCTCGCCAT 


GGTGAAGCTC 


TTCCCCCGCC TCCGGGAGAT GGGGGCCCGC 


2340 


ATGCTCCTCC 


AGGTCCACGA 


CGAGCTCCTC 


CTGGAGGCCC CCCAAGCGCG 


GGCCGAGGAG 


2400 


GTGGCGGCTT 


TGGCCAAGGA 


GGCCATGGAG 


AAGGCCTATC CCCTCGCCGT GCCCCTGGAG 


24S0 


GTGGAGGTGG 


GGATGGGGGA 


GGACTGGCTT 


TCCGCCAAGG GTTAG 




2505 



E#l#* : 160 
W>n<D&£ : 834 T 5 

m<0%L : Biff ft L 

Met Glu Ala Met Leu Pro Leu' Phe Glu Pro Lys Gly Arg Val Leu Leu 
1 5 10 "* 15 

Val Asp Gly His His Leu Ala Tyr Arg Thr Phe Phe Ala Leu Lys Gly 
20 25 30 

Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly Phe Ala 
35 40 45 

Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Tyr Lys Ala Val Phe 
50 55 60 

Val Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala Tyr Glu 
65 70 75 eo 

Ala Tyr Lys Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro Arq Gin 
85 90. * g 5 

Leu Ala Leu He Lys Glu Leu Val Asp Leu Leu Gly Phe Thr Ara Leu 
1°° 105 no 

Glu Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Thr Leu Ala Lys 
US 120 i2S 
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Lys Ala Glu Lys Glu Gly Tyr Glu Val Arg lie Leu Thr Ala Asp Arg 
130 13S 140 

As* Leu Tyr Gin Leu Val Ser Asp Arg Val Ala VaL Leu His Pro Glu 
145 150 155 160 

Glv His Leu lie Thr Pro Glu Trp Leu Trp Glu Lya Tyr Gly Leu Arg 
7 165 170 175 

Pro Glu Gin Trp Val Asp Phe Arg Ala Leu Val Gly Asp Pro Ser Aep 
180 185 190 

Asn Leu Pro Gly Val Lys Gly lie Gly Glu Lys Thr Ala Leu Lys Leu 
195 200 205 

Leu Lys Glu Trp Gly Ser Leu Glu Asn Leu Leu Lys Asn Leu Asp Arg 
210 215 220 

Val Lys Pro Glu Asn Val Arg Glu Lys lie Lys Ala His Leu Glu Asp 
225 230 235 240 

Leu Arg Leu Ser Leu Glu Leu Ser Arg Val Arg Thr Asp Leu Pro Leu 
245 2S0 255 

Glu Val Asp Leu Ala Gin Gly Arg Glu Pro Asp Arg Glu Gly Leu Arg 
260 265 270 

Ala Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu Phe Gly 
275 280 2B5 

Leu Leu Glu Ala Pro Ala Pro Leu Glu Glu Ala Pro Trp Pro Pro Pro 
290 295 300 

Glu Gly Ala Phe Val Gly Phe Val Leu Ser Arg Pro Glu Pro Met Trp 



305 



310 



315 



Ala Glu Leu Lys Ala Leu Ala Ala Cys Arg Asp Gly Arg Val His Arg 



325 



330 



Ala Ala Asp Pro Leu Ala Gly Leu Lys Asp Leu Lys Glu Val Arg Gly 
340 345 350 

Leu Leu Ala Lys Asp Leu Ala Val Leu Ala Ser Arg Glu Gly Leu Asp 
3^5 360 365 

Leu Val Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro 
370 375 380 

Ser Asn Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp 
385 390 395 400 

Thr Glu Asp Ala Ala His Arg Ala Leu Leu Ser Glu Arg Leu His Arg 
405 410 415 

Asn Leu Leu Lys Arg Leu Glu Gly Glu Glu Lys Leu Leu Trp Leu Tyr 
420 425 430 

His Glu Val Glu Lys Pro Leu Ser Arg Val Leu Ala His Met Glu Ala 
435 440 445 

Thr Gly Val Arg Arg Asp Val Ala Tyr Leu Gin Ala Leu Ser Leu Glu 
450 455 460 

Leu Ala Glu Glu He Arg Arg Leu Glu Glu Glu Val Phe Arg Leu Ala 



475 



465 470 

His Pro Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg Val Leu 



Gly 



485 



490 



Phe Asp Glu Leu Arg Leu Pro Ala Leu Gly Lys Thr Gin Lye Thr Gly 

5 05 " 5 1 0 



500 



510 
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Lys Arg Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His 
515 520 52S 

Pro lie Val Glu Lys lie Leu Gin His Arg Glu Leu Thr Lys Leu Lys 
530 535 540 

Asn Thr Tyr Val Asp Pro Leu Pro Ser Leu Val His Pro Arg Thr Gly 
545 550 555 560 

Arg Leu His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly Arg Leu 
565 570 575 

Ser Ser Ser Asp Pro Asn Leu Gin Asn lie Pre Val Arg Thr Pro Leu 
580 S85 590 

Gly Gin Arg lie Arg Arg Ala Phe Val Ala Glu Ala Gly Trp Ala Leu 

595 600 60S 

Val Ala Leu Asp Tyr Ser Gin lie Glu Leu Arg Val Leu Ala His Leu 
€10 * 615 620 

Ser Gly Asp Glu Asn Leu lie Arg Val Phe Gin Glu Gly Lys Asp He 
625 ~ 630 635 640 

His Thr Gin Thr Ala Ser Trp Met Phe Gly Val Pro Pro Glu Ala Val 
645 " 650 655 

Asp Pro Leu Met Arg Arg Ala Ala Lys Thr Val Asn Phe Gly Val Leu 
660 665 670 

Tyr Gly Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala He Pro Tyr 
675 680 685 

Glu Glu Ala Val Ala Phe He Glu Arg Tyr Phe Gin Ser Phe Pro Lys 
690 695 700 

Val Arg Ala Trp He Glu Lys Thr Leu Glu Glu Gly Arg Lys Arg Gly 
705 710 715 720 

Tyr Val Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Asn 
725 - 7^0 735 

Ala Arcr Val Lys Ser Val Arg Glu Ala Ala Glu Arg Net Ala Phe Abtl 
740 ~ 74S 750 

Met Pro Val Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val 
755 3 760 765 

Lys Leu Phe Pro Arg Leu Arg Glu Met Gly Ala Arg Met Leu Leu Gin 

770 ~ 775 780 

Val His Aso Glu Leu Leu Leu Glu Ala Pro Gin Ala Arg Ala Glu Glu 
785 790 795 800 

Val Ala Ala Leu Ala Lys Glu Ala Met Glu Lys Ala Tyr Pro Leu Ala 
605 810 815 

Val P-o Leu Glu Val Glu Val Gly Met Gly Glu Asp Trp Leu Ser Ala 
820 925 930 

Lys Gly 

mm*? : i6i 
mnn&ts : 2511 
epj©S! : mm 
mco$k : -*« 
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fRffi : desc= -TDNAj 

EH 



ATCAAT7CCG 


AGGCGA7GC7 


7CCGC7C777 


GAACCCAAAG 


GCCGGGTCCT CCTGGTGGAC 


60 


GGCCACCACC 


TGGCCTACCG 


CACCTTCTTC 


GCCCTGAAGG 


GCCTCACCAC GAGCCGGGGC 


120 


GAACCGG7GC 


AGGCGGTCTA 


CGGCTTCGCC 


AAGAGCCTCC 


TCAAGGCCCT GAAGGAGGAC 


180 


GGGTACAAGG 


CCGTCTTCGT 


GGTCTTTGAC 


GCCAAGGCCC 


CCTCCTTCCG CCACGAGGCC 


240 


TACGAGGCC7 


ACAAGGCGGG 


GAGGGCCCCG 


ACCCCCGAGG 


acttcccccg gcagctcgcc 


300 


CTCATCAAGG 


AGCTGGTGGA 


CCTCCTGGGG 


TTXACCCGCC 


TCGAGGTCCC CSGCTACGAG 


360 


GCGGACGACG 


TTCTCGCCAC 


CCTGGCCAAG 


AAGGCGGAAA 


AGGAGGGGTA CGAGGTGCGC 


420 


ATCCTCACCG 


CCGACCGCGA 


CCTCTACCAA 


CTCGTCTCCG 


ACCGCGTCGC C5TCCTCCAC 


4 B 0 


CCCOAGGGCC 


ACCTCATCAC 


CCCGGAG7GG 


CTTTGGGAGA 


AGTACGGCCT CAGGCC3GAG 


540 


CAGTCGGTGG 


ACTTCCCCGC 


CCTCCTGGGG 


GACCCC7CCC 


ACAACCTCCC CGGGGTCAAC 


600 


GGCATCGGGG 


AGAAGACCGC 


CCTCAAGCTC 


CTCAAGGAGT 


GGGGAAGCCT GGAAAACCTC 


660 


CTCAAGAACC 


TGGACCGGGT 


AAAGCCAGAA 


AACGTCCGGG 


AGAAGATCAA GGCCCACCTG 


720 


GAAGACC7CA 


GGC7C7CC7T 


GGAGCTCTCC 


CGGGTGCGCA 


CCGACCTCCC CC7GGAGGTG 


780 


GACC7CGCCC 


AGGGGCGGGA 


GCCCGACCGG 


GAGGGGC7TA 


GGGCC7TCC7 GGAGAGGCTG 


840 


GAGTTCGGCA 


GCCTCCTCCA 


CGAGTTCGGC 


CTCCTGGAGG 


CCCCCGCCCC CC7GGAGGAG 


900 


GCCCCCTGGC 


CCCCGCCGGA 


AGGGGCCTTC 


GTGGGCTTCG 


7CCTC7CCCG CCCCGAGCCC 


960 


ATGTGGGCGG 


AGCTTAAAGC 


CCTGGCCGCC 


TGCAGGGACG 


GCCGGGTGCA CCGGGCAGCA 


1020 


GACCCCTTGC 


CGGGGCTAAA 


GGACC7CAAG 


GAGGTCCGGG 


GCCTCCTCGC CAACGACCTC 


ioeo 


GCCG7CT7GG 


CCTCGAGGGA 


GGGGC7AGAC 


CTCGTGCCCG 


GGGACGACCC CArGCTCCTC 


1140 


GCCTACCTCC 


7GGACCCC7C 


CAACACCACC 


CCCGAGGGGG 


7GGCGCGGCG CTACGGGGGG 


1200 


GAG7GGACGG 


AGGACGCCGC 


CCACCGGGCC 


CTCCTC7CGG 


AGAGGCTCCA TCGGAACCTC 


1260 


CTTAAGCGCC 


TCGAGGGGGA 


GGAGAAGCTC 


CTTTGGCTCT 


ACCACGAGGT GGAAAAGCCC 


1320 


CTCTCCCGGG 


TCCTGGCCCA 


CATGGAGGCC 


ACCGGGGTAC 


GGCGGGACGT GGCCTACCT7 


13A0 


CAGGCCC7T7 


CCCTGGAGCT 


TGCGGAGGAG 


ATCCGCCGCC 


7CGAGGAGGA GGTCT7CCGC 


1440 


TTGGCGGGCC 


ACCCCTTCAA 


CCTCAACTCC 


CGGGACCAGC 


TGGAAAGGGT GCTCT7TGAC 


1500 


GAGC7TAGGC 


TTCCCGCCTT 


GGGGAAGACG 


CAAAAGACAG 


GCAAGCGCTC CACCAGCGCC 


1560 


GCGGTGCTGG 


aggccctacg'ggaggcccac CCCATCGTGG agaagatcct ccagcaccgg 


1620 


GAGCTCACCA 


AGCTCAAGAA 


CACCTACGTG 


GACCGCCTCC 


CAAGCCTCGT CCACCCGAGG 


1680 


ACGGGCCGCC 


TCCACACCCG 


CTTCAACCAG 


ACGGCCACCG 


CCACGCCGAG GCT7AGTAGC 


1740 


TCCGACCCCA 


ACCTGCAGAA 


CATCCCCGTC 


CGCACCCCCT 


7GGGCCAGAG GA7CCGCCGG 


1800 


GCCTTCGTGG 


CCGAGGCGGG 


TTGGGCGTTG 


GTGGCCCTGG 


ACTATAGCCA GATAGAGCTC 


1860 


CGCGTCCTCG 


CCCACCTCTC 


CGGGGACGAA AACCTGATCA GGGTCTTCCA GGAGGGGAAG 


1920 


GACATCCACA 


CCCAGACCGC 


AAGCTGGATG 


TTCGGCGTCC 


CCCCGGAGGC CGTGGACCCC 


I960 
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CTGATGCGCC GGGCGGCCAA GACGGTGAAC 


ITCGGCGTCC 


TCTACGGCAT 


GTCCGCCCAT 


2040 


AGGCTCTCCC AGGAGCTTGC CATCCCCTAC 


GAGGAGGCGG 


TGGCCTTTAT 


AGAGCGCTAC 


2100 


TTCCAAAGCT TCCCCAAGGT GCGGGCCTGG 


ATAGAAAAGA 


CCCTGGAGGA 


GGGGAGGAAG 


2160 


CGGGGCTACG TGGAAACCCT CTTCGGAAGA 


AGGCGCTACG 


TGCCCGACCT 


CAACGCCCGG 


2220 


GTGAAGAGCG TCAGGGAGGC CGCGGAGCGC 


ATGGCCTTCA 


ACATGCCCGT 


CCAGGGCACC 


22BO 


GCCGCCGACC TCATGAAGCT CGCCATGGTG AAGCTCTTCC 


CCCGCCTCCG 


GGAGATGGGG 


2340 


GCCCGCATGC TCCTCCAGGT CCACGACGAG 


CTCCTCCTGG 


ACCCCCCCCA 


ACCGCGGCCC 


2400 


GAGGAGGTGG CGGCTTTGGC CAAGGAGGCC 


ATGGAGAAGG 


CCTATCCCCT 


CGCTCGTGCCC 


2460 


CTGGAGGTGG AGGTGGGGAT GGGGGAGGAC 


TGGCTTTCCG 


CCAAGGGTTA 


G 


2511 



: 162 

i2?'J<£>rS£ : 836 7; ./^ 

&M<Dm ; t § /m 
mm 

Met Asn Ser Glu Ala Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val 
1 5 10 15 

Leu Leu Val Asp Gly His His Leu Ala Tyr Arg Thr Phe Phe Ala Leu 
20 25 30 

Lys Gly Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly 
35 40 45 

Phe Ala Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Tyr Lys Ala 
50 55 60 

Val Phe Val Val Phe Asp Ala Lys Ala Pro Ser Phe Arg Hi.s Glu Ala 
65 70 75 80 

Tyr Glu Ala Tyf Lys Ala Gly Arg Ala Pro Thr Pro Glu Asp Phe Pro 
B5 . 90 95 

Arg Gin Leu Ala Leu lie Lys Glu Leu Val Asp Leu Leu Gly Phe Thr 
100 105 110 

Arg Leu Glu Val Pro Gly Tyr Glu Ala Asp Asp Val Leu Ala Thr Leu 
115 120 ~ 125 

Ala Lys Lys Ala Glu Lys Glu Gly Tyr Glu Val Arg lie Leu Thr Ala 
130 135 140 

Asp Arg Asp Leu Tyr Gin Leu val Ser Asp Arg Val Ala Val Leu His 
145 150 155 16G 

Pro Glu Gly His Leu lie Thr Pro Glu Trp Leu Trp Glu Lys Tyr Glv 
165 17 0 175 

Leu Arg Pro Glu Gin Trp Val Asp Phe Arg Ala Leu Val Gly Asp Pro 
180 185 130 

Ser Asp Asn Leu Pro Gly Val Lys Gly He Gly Glu Lys Thr Ala Leu 
195 200 205 
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Lys Leu Leu Lys Glu Trp Gly Ser Leu Glu Asn Leu Leu Lys Asn Leu 
210 215 220 

Asp Arg val Lys Pro Glu Asn Val Arg Glu Lys lie Lys Ala His Leu 
225 230 235 240 

Glu Asp Leu Arg Leu Ser Leu Glu Leu Ser Arg Val Arg Thr Asp Leu 
245 250 255 

Pro Leu Glu Val Asp Leu Ala Gin Gly Arg Glu Pro Asp Arg Glu Gly 
260 265 270 

Leu Arg Ala Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu 
275 280 285 

Phe Gly Leu Leu Glu Ala Pro Ala Pro Leu Glu Glu Ala Pro Trp Pro 
290 295 300 

Pro Pro Glu Gly Ala Phe Val Gly Phe Val Leu Ser Arg Pro Glu Pro 
305 310 " 315 320 

Met Trp Ala Glu Leu Lys Ala Leu Ala Ala cys Arg Asp Gly Arg Val 
325 330 335 

His Arg Ala Ala Asp Pro Leu Ala Gly Leu Lys Asp Leu Lys Glu Val 
340 345 350 

Arg Gly Leu Leu Ala Lys Asp Leu Ala Val Leu Ala Ser Arg Glu Gly 
355- 360 365 

Leu Asp Leu Val Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu 
370 375 380 

Asp Pro Ser Asn Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly 
385 390 395 400 

Glu Trp Thr Glu Aep Ala Ala His Arg Ala Leu Leu Ser Glu Arg Leu 
405 410 415 

His Arg Asn Leu Leu Lys Arg Leu Glu Gly Glu Glu Lys Leu Leu Trp 
- 420 425 430 

Leu Tyr His Glu Val Glu Lys Pro Leu Ser Arg Val Leu Ala His Met 
435 440 445 

Glu Ala Thr Gly Val Arg Arg Asp Val Ala Tyr Leu Gin Ala Leu Ser 
4S0 455 450 

Leu Glu Leu Ala Glu Glu He Arg Arg Leu Glu Glu Glu Val Phe Arg 
465 470 475 480 

Leu Ala Gly His Pro Phe Asn Leu Asn Ser Arg Asp Gin Leu Glu Arg 
485 490 495 

Val Leu Phe Asp Glu Leu Arg Leu Pro Ala Leu Gly Lys Thr Gin Lys 
500 505 510 

Thr Gly Lys Arg Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu 
515 520 525 

Ala His Pro He Val Glu Lys He Leu Gin His Arg Glu Leu Thr Lys 
530 53S S40 

Leu Lys Asn Thr Tyr Val Asp Pro Leu Pro Ser Leu Val His Pro Arg 
545 550 555 560 

Thr Gly Arg Leu His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly 
565 570 575 
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Arg Leu Ser Ser Ser Asp Pro Asn Leu Gin Asn He Pro Val Arg Thr 
580 SBS 590 

Pro Leu Gly Gin Arg lie Arg Arg Ala Phe Val Ala Glu Ala Gly Trp 
595 600 605 

Ala Leu Val Ala Leu Aso Tyr Ser Gin He Glu Leu Arg Val Leu Ala 
610 " 615 620 

His Leu Ser Gly Asp Glu Asn Leu. He Arg Val Phe Gin Glu Gly Lye 
625 630 635 640 

Asp He His Thr Gin Thr Ala Ser Trp Met Phe Gly Val Pro Pro Glu 
645 ^650 655 

Ala Val Asp Pro Leu Met Arg Arg Ala Ala Lys Thr Val Asn Phe Gly 
660 665 610 

Val Leu Tyr Gly Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala He 
675 680* 685 

Pro Tvr Glu Glu Ala Val Ala Phe He Glu Arg Tyr Phe Gin Ser Phe 
690 695 700 

Pro Lys Val Arg Ala Trp He Glu Lys Thr Leu Glu Glu Gly Arg Lys 
705 710 715 720 

Arg Gly Tyr Val Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp 
725 730 735 

Leu Asn Ala Arg Val Lys ser Val Arg Glu Ala Ala Glu Arg Met Ala 
740 745 750 

Phe Asn Met Pro Val Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala 
755 760 765 

Met Val Lys Leu Phe Pro Arg Leu Arg Glu Met Gly Ala Arg Met Leu 
770 775 780 

Leu Gin Val His Asp Glu Leu Leu Leu Glu Ala Pro Gin Ala Arg Ala 
785 790 795 800 

Glu Glu Val Ala Ala Leu Ala Lys Glu Ala Met Glu Lys Ala Tyr Pro 
805 810 815 

Leu Ala Val Pro Leu Glu Val Glu Val Gly Met Gly Glu Asp Trp Leu 
820 825 830 

Ser Ala Lys Gly 

835 

E2W#* : 163 
E*»J©*£ : 2511 

iews : mm 

IftUJ : desc= TDNAJ 
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ATGAATTCCG AGGCGATGCT TCCGCTCTTT GAACCCAAAG GCCGGGTCCT CCTGGTGGAC 60 

GGCCACCACC TGGCCTACCG CACCTTCTTC GCCCTGAAGG GCCTCACCAC GAGCCGGGGC 120 

GAACCGGTGC AGGCGGTCTA CGGCTTCGCC AAGAGCCTCC TCAAGGCCCT GAAGGAGGAC 18 0 

GGGTACAAGG CCGTCTTCGT GGTCTTTGAC GCCAAGGCCC CCTCCTTCCG CCACGAGGCC 2 40 

TACGAGGCCT ACAAGGCGGG GAGGGCCCCG ACCCCCGAGG ACTTCCCCCG GCAGCTCGCC 300 

CTCATCAAGG AGCTGGTGGA CCTCCTGGGG TTTACCCGCC TCGAGGTCCC CGGCTACGAG 3 SO 

GCGGACGACG TTCTCGCCAC CCTGGCCAAG AAGGCGGAAA AGGAGGGGTA CGAGGTGCGC 420 

ATCCTCACCG CCGACCGCGA CCTCTACCAA CTCGTCTCCG ACCGCGTCGC CGTCCTCCAC 4 80 

CCCGAGGGCC ACCTCATCAC CCCGGAGTGG CTTTGGGAGA AGTACGGCCT CAGGCCGGAG 54 0 

CAGTGGGTGG ACTTCCGCGC CCTCGTGGGG GACCCCTCCG ACAACCTCCC CGGGGTCAAG 600 

GGCATCGGGG AGAAGACCGC CCTCAAGCTC CTCAAGGAGT GGGGAAGCCT GGAAAACCTC 660 . 

CTCAAGAACC TGGACCGGGT AAAGCCAGAA AACGTCCGGG AGAAGATCAA GGCCCACCTG 72 0 

GAAGACCTCA GGCTCTCCTT GGAGCTCTCC CGGGTGCGCA CCGACCTCCC CCTGGAGGTG 780 

GACCTCGCCC AGGGGCGGGA GCCCGACCGG GAGGGGCTTA GGGCCTTCCT GGAGAGGCTG B4 0 

GAGTTCGGCA GCCTCCTCCA CGAGTTCGGC CTCCTGGAGG CCCCCGCCCC CCTGGAGGAG 900 

GCCCCCTGGC CCCCGCCGGA AGGGGCCTTC GTGGGCTTCG TCCTCTCCCG CCCCGAGCCC 9SO 

ATGTGGGCGG AGCTTAAAGC CCTGGCCGCC TGCAGGGACG GCCGGGTGCA CCGGG CAGCA 1020 

GACCCCTTGG CGGGG CTAAA GGACCTCAAG GAGGTCCGGG GCCTCCTCGC CAAGGACCTC 1060 

GCCGTCTTGG CCTCGAGGGA GGGGCTAGAC CTCGTGCCCG GGGACGACCC CATGCTCCTC 1140 

GCCTACCTCC TGGACCCCTC CAACACCACC CCCGAGGGGG TGGCGCGGCG CTXCGGGGGG 1200 

GAGTGGACGG AGGACGCCGC CCACCGGGCC CTCCTCTCGG AGAGGCTCCA TCGGAACCTC 1260 

CTTAAGCGCC TCGAGGGGGA GGAGAAGCTC CTTTGGCTCT ACCACGAGGT GGAAAAGCCC 1320 

CTCTCCCGGG TCCTGGCCCA CATGGAGGCC ACCGGGGTAC GGCGGGACGT GGCCTACCTT 1380 

CAGGCCCTTT CCCTG.GAGCT TGCGGAGGAG ATCCGCCGCC TCGAGGAGGA GGTCTTCCGC 1440 

TTGGCGGGCC ACCCCTTCAA CCTCAACTCC CGGGACCAGC TGGAAAGGGT GCTCTTTGAC 1S00 

GAGCTTAGGC TTCCCGCCTT GGGGAAGACG CAAAAGACAG GCAAGCGCTC CACCAGCGCC 15 60 

GCGGTGCTGG AGGCCCTACG GGAGGCCCAC CCCATCGTGG AGAAGATCCT CCAGCACCGG 1620 

GAGCTCACCA AGCTCAAGAA CACCTACGTG GACCCCCTCC CAAGCCTCGT CCACCCGAGG 1660 

ACGGGCCGCC TCCACACCCG CTTCAACCAG ACGGCCACGG CCACGGGGAG GCTTAGTAGC 1740 

TCCGACCCCA ACCTGCAGAA CATCCCCGTC CGCACCCCCT TGGGCCAGAG GATCCGCCGG 1800 

GCCTTCGTGG CCGAGGCGGG TTGGGCGTTG GTGGCCCTGG ACTATAGCCA GATAGAGCTC 1860 

CGCGTCCTCG CCCACCTCTC CGGGGACGAA AACCTGATCA GGGTCTTCCA GGAGGGGAAG 1920 

GACATCCACA CCCAGACCGC AAGCTGGATG TTCGGCGTCC CCCCGGAGGC CGTGGACCCC 1980 

CTGATGCGCC GGGCGGCCAA GACCGTGAAC TTCGGCGTCC TCTACGGCAT GTCCGCCCAT 2040 
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AGGCTCTCCC AGGAGCTTGC CATCCCCTAC GAGGAGGCGG TGGCCTTTAT AGAGCGCTAC 2100 

TTCCAAAGCT TCCCCAAGGT GCGGGCCTGG ATAGAAAAGA CCCTGGAGGA GGGGAGGAAG 2160 

CGGGGCTACG TGGAAACCCT CTTCGGAAGA AGGCGCTACG TGCCCGACCT CAACGCCCGG 2220 

GTGAAGAGCG TCAGGGAGGC CGCGGAGCGC ATGGCCTTCA ACATGCCCGT CCAGGGCACC 2280 

GCCGCCGACC TCATGAAGCT CGCCATGGTG AAGCTCTTCC CCCGCCTCCG GGAGATGGGG 234 0 

GCCCGCATGC TCCTCCAGGT CCACAACGAG CTCCTCCTGG AGGCCCCCCA AGCGCGGGCC 2400 

GAGGAGGTGG CGGCTTTGGC CAAGGAGGCC ATGGAGAAGG CCTATCCCCT CGCCGTGCCC 2460 

CTGGAGGTGG AGGTGGGGAT GGGGGAGGAC TGGCTTTCCG CCAAGGGTTA G 2511 



: 164 

gB#JC3^£ : 836 T 5 /Wt 
m<V%L : BB«*L 

mm 

Met Asn Ser Glu Ala Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val 
15 10 15 

Leu Leu Val Asp Gly His His Leu Ala Tyr Arg Thr Phe Phe Ala Leu 
20 25 30 

Lvs Gly Leu Thr Thr Ser Arg Gly Glu Pro Val Gin Ala Val Tyr Gly 
7 35 40 45 

Phe Ala Lys Ser Leu Leu Lys Ala Leu Lys Glu Asp Gly Tyr Lys Ala 
50 55 60 
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Val Phe Val Val Phe Asp Ala Lys Ala Pro Ser Phe Arg His Glu Ala 
65 70 75 80 

Tyr Glu Ala Tyr Lys Ala Gly Arg Ala Pro Thr Pro GLu Asp Phe Pro 
8S 90 95 

Arg Gin Leu Ala Leu He Lys Glu Leu Val Asp Leu Leu Gly Phe Thr 
100 105 HO 

Arg Leu Glu Val Pro Gly ryr Glu Ala Asp Asp val Leu Ala Thr Leu 
lis 120 US 

Ala Lys Lys Ala Glu Lys Glu Gly Tyr Glu Val Arc He Leu Thr Ala 
130 135 140 

Ast> Arg Asp Leu Tyr Gin Leu Val Ser Asp Arg Val Ala Val Leu His 

145 ISO 155 160 

Pro Glu Gly His Leu He Thr Pro Glu Trp Leu Trp Glu Lys Tyr Gly 
16S 170 175 

Leu Arg Pro Glu Gin Trp Val Asp Phe Arg Ala Leu Val Gly Asp Pro 
180 185 190 

Ser Asp Asn Leu Pro Gly Val Lys Gly He Gly Glu Lys Thr Ala Leu 
195 200 20S 

Lys Leu Leu Lys Glu Trp Gly Ser Leu Glu Asn Leu l^u Lys Asn Leu 
210 215 220 

Asp Arg Val Lys Pro Glu Asn Val Arg Glu Lys He Lys Ala His x-eu 

225 230 235 240 

Glu Asp Leu Arg Leu Ser Leu Glu Leu Ser Arg Val Arg Thr Asp Leu 
245 250 255 

Pro Leu Glu Val Asp Leu Ala Gin Gly Arg GLu Pro Asp Arg Glu Gly 
260 26S 270 

Leu Arg Ala Phe Leu Glu Arg Leu Glu Phe Gly Ser Leu Leu His Glu 
275 280 285 

Phe Gly Leu Leu Glu Ala Pro Ala Pro Leu Glu Glu Ala Pro Trp Pro 
290 295 300 

Pro Pro Glu Gly Ala Phe Val Gly Phe Val Leu Ser Arg Pro Glu Pro 
305 310 315 320 

Met Trp Ala Glu Leu Lys Ala Leu Ala Ala Cys Arg Asp Gly Arg Val 
325 330 335 

His Arg Ala Ala Asp Pro Leu Ala Gly Leu Lys Asp Leu Lys Glu val 
340 345 350 

Arg Gly Leu Leu Ala Lys Asp Leu Ala Val Leu Ala Ser Arg Glu Gly 
355 * 360 365 

Leu Asp Leu val Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu 
370 37S 380 

Asp Pro Ser Asn Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly 
3B5 390 395 400 

Glu Trp Thr Glu Asp Ala Ala His Arg Ala Leu Leu Ser Glu Arg Leu 
405 410 415 

His Arg Asn Leu Leu Lys Arg Leu Glu Gly Glu Glu Lys Leu Leu Trp 
420 425 430 

Leu Tyr His Glu Val Glu Lys Pro Leu Ser Arg Val Leu Ala Hia Met 
435 440 445 

Glu Ala Thr Gly Val Arg Arg Asp Val Ala Tyr Leu Gin Ala Leu Ser 
453 * 455 460 
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Leu Glu Leu Ala Glu Glu lie Arg Arg Leu Glu Glu Glu Val Phe Arg 
465 470 47S 480 

Leu Ala Gly His Pro Phe Asn Leu Asn ser Arg Asp Gin Leu Glu Arg 

485 490 495 

Val Leu Phe Aso Glu Leu Arg Leu Pro Ala Leu Gly Lys Thr Gin Lys 
500 SOS 510 

Thr Gly Lys Arg Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu 
515 520 525 

Ala His Pro lie val Glu Lys lie Leu Gin His Arg Glu Leu Thr Lys 
530 535 540 

Leu Lys Asn Thr Tyr Val Asp Pro Leu Pro Ser Leu Val His Pro Arg 
545 550 555 560 

Thr Gly Arg Leu His Thr Arg Phe Asn Gin Thr Ala Thr Ala Thr Gly 
565 570 575 

Arg Leu Ser Ser Ser Asp Pro Asn Leu Gin Asn lie Pro Val Arg Thr 
580 585 590 

Pro Leu Gly Gin Arg He Arg Arg Ala Phe Val Ala Glu Ala Gly Trp 
595 *** 600 605 

Ala Leu Val Ala Leu Asp Tyr Ser Gin He Glu Leu Arg Val Leu' Ala 
610 615 620 

His Leu Ser Gly Asp Glu Asn Leu He Arg val Phe Gin Glu Gly Lys 
625 630 635 640 

Asp He His Thr Gin Thr Ala Ser Trp Met Phe Gly Val Pro Pro Glu 
645 650 655 

Ala val Asp Pro Leu Met Arg Arg Ala Ala Lys Thr Val Asn Phe Gly 
660 665 670 

Val Leu Tyr Gly Met Ser Ala His Arg Leu Ser Gin Glu Leu Ala He 
C75 680 685 

Pro Tyr Glu Glu Ala Val Ala Phe He Glu Arg Tyr Phe Gin Ser Phe 
690 695 700 

Pro Lys Val Arg Ala Trp He Glu Lys Thr Leu Glu Glu Gly Arg Lys 
705 710 715 720 

Arg Gly Tyr Val Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp 
725 730 " 735 

Leu Asn Ala Arg Val Lys Ser Val Arg Glu Ala Ala Glu Arg Met Ala 

74D 745 750 

Phe Asn Met Pro Val Gin Gly Thr Ala Ala Asp Leu Met Lys Leu Ala 
755 760 765 

Met Val Lys Leu Phe Pro Arg Leu Arg Glu Met Gly Ala Arg Met Leu 
770 775 780 

Leu Gin Val His Asn Glu Leu Leu Leu Glu Ala Pro Gin Ala Arg Ala 
7BS 790 795 800 

Glu Glu Val Ala Ala Leu Ala Lys Glu Ala Met Glu Lys Ala Tyr Pro 
80S 810 815 
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Leu Ala Val Pro Leu Glu Val Glu Val Gly Met Gly Glu Asp Trp Leu 
B20 825 830 



Ser Ala Lys Gly 
B35 

m^m^r : 165 
8E?IJ<QS£ : 350 

nm<Dm : mm 

IftPJ : desc= TDNAj 



AGAGTTTGAT 


CATGGCTCAG 


ATTGAACGCT 


GGCGGCAGGC 


CTAACACATG 


CAAGTCGAAC 


60 


GGTAACAGGA 


AGAAGCTTGC 


TTCTTTGCTG 


ACGAGTGGCG 


GACGGGTGAG 


TAATGTCTGG 


120 


GAAACTGCCT 


GATGGAGGGG 


GATAACTACT 


GGAAACGGTA 


GCTAATACCG 


CATAACGTCG 


1B0 


CAAGACCAAA 


GAGGGGGACC 


TTCGGGCCTC 


TTGCCATCGG 


ATGTGCCCAG 


ATGGGATTAG 


240 


CTAGTAGGTG 


GGGTAACGGC 


TCACCTAGGC GACGATCCCT AGCTGGTCTG AGAGGATGAC 


300 


CAGCCACACT 


GGAACTGAGA 


CACGGTCCAG 


ACTCCTACGG 


GAGGCAGCAG 




350 



IB?iJ#-§- : 166 

MM<nm : mm 
m*>%. : -*« 

&91 : desc= TDNAj 

CACGAATTCC GAGGCGATGC TTCCGCTC 28 

S9«## : 167 
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&n<o®. : mm- 

half as;- : f|C«^ 
mm : desc= TDNAj 

TCGACGTCGA. CTAACCCTTG GCGGAAAGCC 

E ?!]#-§• : 168 
gB?ij<DS : ®& 

: -*m 

m$ : desc= TDNAj 

GCATCGCCTC GGAATTCATG GTC 

: 169 

IE?iJ<^£ : 26 &S*t 
IEM(DM : 
«W» : 

Un-^- : Ef # 
mm : desc= TDNAj 

CAGGAGGAGC TCOTTGTGGA CCTGGA 



@E?>]#-^ : 170 

Um : desc= fDNAj 

CCGTCAACAT TTACCATGGG TGCGGA 26 

IH?>J#-§- : 171 

mwm. -.mm 

tfcfl : desc= TDNAJ 

CCGCCACCTC GTAGTCGACA TCCTTTTOGT G 33 

E?!f#* : 172 
i2?IJ<A:S:£ : 28 

: ~*m 

: desc= TDNAJ 

GGGTGTTCCC ATGGGAGTTA AACTCAGG 28 
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E?"J#-§- : 173 

mwm mm 

S£93 : desc= TDNAJ 

mm 

CTGAATTCTG CAGAAAAAGG GG 

SE?iJ#-S§- : 174 

nm : desc= TDNAj 

mm 

AGAGTTTGAT CCTGGCTCAG 

E^IJS* : 175 
E5*©ft-£ : 20 MM 
EH©3! : 

epjoss •. i&omm 

: desc= TDNAj 



CTGCTGCCTC CCGTAGGAGT 



B?m^ : 176 

: 34i£g*t 

mmnm mm 

SfcE : desc= TDNAj 

eh 

TTTTCGCTGT CTCGCTGAAA GCGAGACAGC GTTT 
: 177 

mwm. : mm 

mm : desc= TDNAJ 
SB?'J 

TTTTCGCTGT CTCGCTGAAA GCGAGACAGC GAAAGACGCT CGTGAAACGA GCGTCTTTG 

Sa?iJ#-^- : 178 

.: 1011 

se^si : mm 
ia?ij«@^ : m<nmm 

mm : desc= fDNAj 
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ATGGGTGCGG 


ATATTGGTGA 


CCTCTTTGAG 


AGGGAAGAGG TCGAGCTTGA 


GTACTTCTCA 


60 


GGAAAGAAAA 


TTGCCGTTGA 


TGCTTTCAAC 


ACGCTATACC 


AGTTCATCTC 


GATAATAAGG 


120 


CAGCCTGACG 


GTACGCCGTT 


AAAGGACTCA 


CAGGGCAGAA 


TCACCTCTCA 


CCTTTCCGGA 


180 


ATCCTATACA 


GAG TCTCCAA 


CATGGTCGAG 


GTGGGAATCA GGCCGGTGTT 


TGTATTCGAC 


240 


GG JIG AG C CAC 


PGG AG TTCAA 


GAAGGCTGAA 


ATTGAGGAGA GGAAAAAGAG 


AAGGGCTGAG 


300 




TGTGGATTGC 


GGCTTTGCAG 


GCAGGAGATA 


AGGACGCGAA 


AAAGTATGCT 


360 


CAGGCTGCAG 


GGAGGGTTGA 


CGAGTACATT 


GTTGACTCCG 


CAAAGACGCT 


TTTAAGTTAC 


420 


ATGGGGATTC 


CCTTTGTCGA 


TGCCCCGTCT 


GAAGGAGAGG 


CGCAGGCTGC 


TTACATGGCA 


480 


GCAAAAGGCG 


ATGTGGAGTA 


CACAGGAAGC 


CAGGATTACG 


ATTCTCTGCT 


CTTCGGAAGC 


S40 


CCGAGACTCG 


CCAGAAATCT 


CGCAATAACG 


GGAAAAAGGA 


AGCTTCCCGG 


CAAAAATGTC 


600 


TATGTGGATG 


TAAAGCCGGA 


GATAATAATT 


CTGGAAAGCA 


ACCTCAAAAG 


GCTGGGTTTG 


660 


ACGAGGGAGC 


AGCTCATCGA 


CATAGCGATT 


CTGGTCGGGA 


CGGACTACAA 


TGAGGGTGTG 


720 


AAGGGTGTCG 


GCGTCAAGAA 


GGCTTTGAAC 


TACATCAAGA 


CCTACGGAGA 


T ATTTT CAG G 


78 0 


GCACTCAAGG 


CTCTGAAAGT 


AAATATTGAC 


CACGTAGAGG 


AGATAAGGAA 


TTTCTTCCTG 


640 


AATCCTCCTG 


TGACTGACGA 


CTACAGAATA 


GAGTTCAGGG 


AGCCTGACTT 


TGAGAAGGCC 


900 


ATCGAGTTCC 


TGTGCGAGGA 


GCACGACTTC 


AGCAGGGAGA 


GGGTCGAGAA 


GGCCTTGGAG 


960 


AAGCTCAAAG 


CTCTGAAGTC 


AACCCAGGCC 


ACG CTTGAGA 


GGTGGTTCTG 


A 


1011 



Wffltt : 17-9 
E?9<©££ : 336 7$ JWl 

mm 

Met Gly Ala Asp lie Gly Asp Leu Phe Glu Arg Glu Glu Val Glu Leu 
15 10 15 

Glu Tyr Phe Ser Gly Lys Lys lie Ala Val Asp Ala Pha Asn Thr Leu 
20 25 30 

Tyr Gin Phe lie Ser lie lie Arg Gin Pro Asp Gly Thr Pro Leu Lys 
35 40 45 

Asp Ser Gin Gly Arg He Thr Ser His Leu Ser Gly lie Leu Tyr Arg 
50 55 60 

Val Ser Asn Met Val Glu Val Gly He Arg Pro Val Phe Val Phe Asp 
65 70 75 80 
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Gly Glu Pro Pro Glu Phe Lys Lys Ala Glu lie Glu Glu Arg Lys Lys 
65 30 95 

Arg Arg Ala Glu Ala Glu Glu Met Trp lie Ala Ala Leu Gin Ala Gly 
100 105 110 

Asp Lys Asp Ala Lys Lys Tyr Ala Gin Ala Ala Gly Arg Val Asp Glu 
115 120 125 

Tyr lie Val Asp Ser Ala Lys Thr Leu Leu Ser Tyr Met Gly lie Pro 
130 135 140 

Phe Val Asp Ala Pro ser Glu Gly Glu Ala Gin Ala Ala Tyr Met Ala 
145 150 1S5 ' 160 



Ala Lys Gly Asp Val Glu Tyr Thr Gly Ser Gin Asp Tyr Asp Ser Leu 
16S 170 175 

Leu Phe Gly Ser Pro Arg Leu Ala Arg Asn Leu Ala lie Thr Gly Lys 

1G0 165 190 

Arc Lys Leu Pro Gly Lys Asn Val Tyr val Asp Val Lys Pro Glu lie 
195 200 205 

lie lie Leu Glu Ser Asn Leu Lys Arg Leu Gly Leu Thr Arg Glu Gin 
210 215 220 



Leu 



lie Asp He Ala He Leu Val Gly Thr Asp Tyr Asn Glu Gly Val 



235 



225 230 

Lys Gly Val Gly Val Lys Lys Ala Leu Asn Tyr He Lys Thr Tyr Gly 



245 



250 



Asp He Phe Arg Ala Leu Lys Ala Leu Lys Val Asn He Asp His Val 
260 265 

Glu Glu He Arg Asn Phe Phe Leu Asn Pro Pro val Thr Asp Asp Tyr 
275 280 285 

Atq He Glu Phe Arg Glu Pro Asp Phe Glu Lys Ala He Glu Phe Leu 
290 295 300 

Cys Glu Glu His Asp Phe Ser Arg Glu Arg Val Glu Lys Ala Leu Glu 
305 310 315 320 

Lys Leu Lys Ala Leu Lys Ser Thr Gin Ala Thr Leu Glu Arg Trp Phe 
325 330 



&$\\<DffiBk : DNA (genomic) 
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ATGGGAGTTA AACTCAGGGA TGTTGTATCA CCCCGCAGGA TACGCCTTGA GGACCTTAGG 60 

GGAAGAACGG TCGCAGTCGA TGCAGCCAAC ACACTCTACC AGTTCCTATC AAGCATAAGG 120 

CAGAGGGATG GAACACCCCT CATGGAT7CC AGGGGTAGAG TAACATCACA CCTCAGCGGC 180 

ATACTCTACA GGACGGCCGC GGTCATGGAG AGGGAGATAA OGGTCATATA TGTCTTCGAT 240 

GGAAGGTCCC ACCACCTCAA GGGCGAGACC GTGAGCAGGA GGGCTGATAT CCGGAAGAAA 3 00 

TCTGAGGTTG AGTGGAAGAG GGCCCTTGAG GAGGGGGACA TTGACAGGGC GAAAAAATAT 360 

GCTGTAAGGT CCTCAAGGAT GTCCTCAGAA ATACTGGAGA GTTCAAAGAG GCTCCTGGAA 420 

CTTCTGGGAA TACCCTATGT ACAGGCACCC GGTGAGGGGG AGGCTCAGGC ATCATACATG 48 0 

GTTAAGATGG GCGATGCATG GGCCGTGGCA TCCCAGGACT ATGACTGTCT CCTCTTTGGC 540 

GCCCCAAGGG TTGTAAGGAA CCTCACCCTC AGCGGAAAAC TTGAGGACCC CGAGATCATT 600 

GAACTGGAGT CCACCCTCAG GGAACTCTCA ATCAGCCACA CACAGCTCGT GGATATGGCA 660 

CTACTCGTCG GGACTGACTT CAATGAGGGT GTAAAGGGGA TAGGCGCAAG . GAGGGGACTC 720 

AAACTCATCA GGGAGAAGGG CGACATTTTC AAAGTCATCA GGGACCTTGA AGCTTGA 777 

E?9## : 181 

Sa?lJcDS£ : 258 7$ J & 

Met Gly Val Lys Leu Arg Asp Val Val Ser Pro Arg Arg lie Arg Leu 
15 10 15 

Glu Aso Leu Arg Gly Arg Thr Val Ala Val Asp Ala Ala Asn Thr Leu 
20 25 30 

Tyr Gin Phe Leu Ser ser lie Arg Gin Arg Asp Gly Thr Pro Leu Met 
3 5 40 45 

Asp Ser Arg Gly Arg Val Thr Ser His Leu Ser Gly He Leu Tyr Arg 
50 55 60 

Thr Ala Ala Val Met Glu Arg Glu lie Arg Val lie Tyr Val Phe Asp 
65 70 75 80 

Gly Arg Ser His His Leu Lys Gly Glu Thr Val Ser Arg Arg Ala Asp 
8 5 90 35 

He Arg Lys Lys Ser Glu Val Glu Trp Lys Arg Ala Leu Glu Glu Gly 
100 105 HO 

Asp He Asp Arg Ala Lys Lys Tyr Ala Val Arg Ser Ser Arg Met Ser 
115 120 125 

Ser Glu He Leu Glu Ser Ser Lys Arg Leu Leu Glu Leu Leu Gly He 
130 135 140 



-397- 



Pro Tyr Val Gin Ala Pro Gly Glu Gly Glu Ala Gin Ala Sar ryr Mat 
145 * 150 •» 155 ISO 

Val Lvs Met Gly Asp Ala Trp Ala Val Ala Ser Gin Ajs? Tyr Asp Cya 
163 170 175 

Leu Leu Phe Gly Ala Pro Arg Val Val Arg Asa Leu Thr Leu Ser Gly 
iaa ias iso 

Lys Leu Glu Asp Pro Glu lie lie Glu Leu Glu ser Thr Leu Arg Glu 

195 200 205 

Leu Ser lie Ser Kis Thr GLn. Leu Val Aso Met Ala Leu Leu Val Gly 
210 215 220 

Thr Asp Phe Asn Glu GLy Val Lys Gly He Gly Ala Arg Arg Gly Leu 
22S 230 235 240 

Lys Leu He Arg Glu Lys Gly Asp He Phe Lys Val He Arg Asp Leu 
245 250 255 

Glu Ala 

ia?"J#^ : 182 

m<v& : -#« 

mn : desc= FDNAJ 
KM 

ATGGGAGTTA AACTCAGGGA TGTTGTATCA CCCCGCAGGA TACGCCTTGA GGACCTTAGG 60 

GCAAGAACGG TCGCACTC3A TGCAGCCAAC ACACTCTACC AGTTCCTATC AAGCATAAGG 120 

CAGAGGGATG GAACACCCCT CATGGATTCC AGGGGTAGAG TAACATCACA CCTCA3CGGC 180 

ATACTCTACA GGACGGCCGC GGTCATGGAG AGGGAGATAA GGGTCATATA T3TCTTCGAT 240 

GGAAGGTCCC ACCACCTCAA GGGCGAGACC GTGAGCAGGA GGGCTGATAT CCGGAAGAAA 300 

TCTGAGGTTG AGTGGAAGAG GGCCCTTGAG GAGGGGGACA TTGACAGGGC GAGAAAATAT 360 

GCTGTAAGGT OCTCAAGGAT GTCCTCAGAA ATACTGGAGA GTTCAAAGAG GCTCCTGGAA 420 

CTTCTGGGAA TACCCTATGT ACAGGCACCC GGTGAGGGGG AGGCTCAGGC AT CAT ACATG 4 BO 

GTTAAGATGG GCGATGCATG GGCCGTGGCA TCCCAGGACT ATGACTGT CT CCTCTTTGGC 540 

GCCCCAAGGG TTGTAAGGAA GGTCACCCTC AGCGGAAAAC TTGAGGACCC CCACATCATT 6 CO 
GAACTGGAGT CCACCCTCAG GGCCCTCTCA ATCAGCCACA CACAGCTCCT CGATWGGCA 
CTACTCGTCG GGACTGACTT CAATGAGGGT GTAAAGGGGT ATGGCGCAAG OAGGGGACTC 

AAACTCATCA GGGAGAAGGG CGACATTTTC AAAGTCATCA GGGACCTTGA AGCTGACATA 780 

GGTGGCGACC &CAG3TCCT CA3GW3GATC TTTCTGGAGC CAGAGGTTTC AGAGGACTAT 84 0 
GAGATCAGGT GGAGAAAACC TGACGTGGAA GGTGTTATCG AGTTCCTGTG CACTCAACAC 
GGCTTTTCAG AGGACCGTGT GAGGGATGCA CTTAAAAAAT TTGAGGGTGC ATCCTCCACC 
CAGAAGAGCC TGGAGGACTG GTTCTGA 



660 
720 



900 
96 0 
987 
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@E?'J#^ : 183 

: 328 7i 
K^JCO^I : 7 % J m 

Met Glv Val Lys Leu Arg Asp VaL Val Ser Pro Arg Arg He Arg Leu 
1 s 10 15 

Glu Asp Leu Arg Gly Arg Thr Val Ala Val Asp Ala Ala Asn Thr Leu 
20 25 30 

Tvr Gin She Leu Ser Ser He Arg Gin Arg Asp Gly Thr Pro Leu Met 
" 35 *0 4S 

Asp Ser Arg Gly Arg Val Thr Ser His Leu Ser Gly He Leu Tyr Arg 
50 55 60 

Thr Ala Ala Val Met Glu Arg Glu He Arg Val He Tyr Val Phe Asp 
65 70 75 30 

Gly Arg Ser Kis Kis Leu Lys Gly Glu Thr Val Ser Arg Arg Ala Asp 

85 90 95 

He Arq Lys Lys Ser Glu Val Glu Trp Lys Arg Ala Leu Glu Glu Gly 
100 105 HO 

Asp He Asp Arg Ala Arg Lys Tyr Ala Val Arg Ser Ser Arg Met Ser 
115 120 12S 

Ser Glu He Leu Glu Ser Ser Lys Arg Leu Leu Glu Leu Leu Gly He 
130 135 140 

Pro Tyr Val Gin Ala Pro Glv Glu Gly Glu Ala Gin Ala Ser Tyr Met 
145 150 * 155 ISO 

Val Lys Met Gly Asp Ala Trp Ala val Ala Ser Gin Asp Tyr Asp cys 
165 170 173 

Leu Leu Phe Gly Ala Pro Arg Val Val Arg Lys Val Thr Leu Ser Gly 
1B0 185 1*0 

Lys Leu Glu Ago Pro His He He Glu Leu Glu Ser Thr Leu Arg Ala 
195 " 200 205 

Leu Ser He Ser Kis Thr Gin Leu Val Asp Met Ala Leu Leu Val Gly 
210 215 220 



Thr Asp Phe Asn Glu Gly Val Lys Gly Tyr Gly Ala Arg Arg Gly Leu 
22S 230 235 240 

Lys Leu He Arg Glu Lys Gly Asp He Phe Lys val He Arg Asp Leu 



Glu Ala Asp lie Gly Gly Asp Pro Gin Val Leu Arg Arg He Phe Leu 
260 265 27a 

Glu Pro Glu val Ser Glu Asp Tyr Glu He Arg Trp Arc Lys Pro Asp 

275 280 2BS 

Val Glu Gly Val He Glu Phe Leu Cys Thr Glu His Gly Phe Ser Glu 

290 295 300 

Asp Arg Val Arg As? Ala Leu Lys Lys ?>e Glu Gly Ala Ser Ser Thr 
305 310 315 

Gin Lys Ser Leu Glu Asp Trp Phe 
325 
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IB?iJO^$ : 340T5 yg 

Badass : 
earn 



Met Gly Val Gin Phe Gly Asp Phe lie Pro Lys Asn lie He Ser Phe 
IS 10 IS 

Glu Asp Leu Lys Gly Lys Lys Val Ala rie Asp Gly Met Asn Ala Leu 
20 25 30 

Tyr Gin Phe Leu Thr Ser He Arg Leu Arg Asp Gly Ser Pro Leu Arg 
35 40 45 

Asn Arg Lys Gly Glu He Thr Ser Ala Tyr Asn Gly Val Phe Tyr Lys 
50 5S 60 

Thr He His Leu Leu Glu Asn Asp He Thr Pro He Trp Val Phe Asp 
65 70 75 BO 

Gly Glu Pro Pro Glu Phe Lys Lys Lys Glu Leu Glu Lys Arg Arg Glu 
85 90 95 

Ala Arg Glu Glu Ala Glu Glu Lys Trp Arg Glu Ala Leu Glu Lys Gly 
100 105 HO 

Glu He Glu Glu Ala Arg Lys Tyr Ala Gin Arg Ala Thr Arg Val Asn 
115 120 125 

Glu Met Leu He Glu Asp Ala Lys Lys Leu Leu Glu Leu Met Gly He 
130 135 140 

Pro He Val Gin Ala Pro Ser Glu Gly Glu Ala Gin Ala Ala Tyr Met 
145 150 155 160 

Ala Ala Lys Gly Ser Val Tyr Ala Ser Ala Ser Gin Asp Tyr Asp Ser 
165 170 175 

Leu Leu Phe Gly Ala Pro Arg Leu Val Arg Asn Leu Thr He Thr Gly 
180 185 190 

Lys Arg Lys Leu Pro Gly Lys Asn Val Tyr Val Glu He Lys Pro Glu 
195 200 205 
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Leu lie lie Leu Glu Glu Val Leu Lys Glu Leu Lys Leu Thr Arg Glu 
210 21S " 220 

Lys Leu lie Glu Leu Ala He Leu val Gly Thr Asp Tyr Asn Pro Gly 
225 230 235 240 

Gly lie Lys Gly He Gly Leu Lys Lys Ala Leu Glu He Val Arg His 
245 250 255 

Ser Lys Asp Pro Leu Ala Lys Phe Gin Lys Gin Ser Asp Val Asp Leu 
2S0 * 265 270 

Tyr Ala He Lys Glu Phe Phe Leu Asn Pro Pro Val Thr Asp Asn Tyr 
275 2S0 285 

Asn Leu Val Trp Arg Asp Pro Asp Glu Glu Gly He Leu Lys Phe Leu 
290 " 295 300 

Cys Asp Glu His Asp Phe Ser Glu Glu Arg Val Lys Asn Gly Leu Glu 
305 310 315 320 

Arg Leu Lys Lys Ala He Lys Ser Gly Lys Gin Ser Thr Leu Glu Ser 
32S 330 335 

Trp Phe Lys Arg 
340 



EFJ#-* : 185 
@2^J^S^ : 326 75 J §£ 

: «t 

Met Gly Val Pro lie Gly Glu He lie Pro Arg Lys Glu He Glu Leu 

Glu Asn Leu Tyr Gly Lys Lys He Ala He Asp Ala Leu Asn Ala He 

20 " 
ryr Gin Phe Leu Ser r*r He y C, Uys *. P Oly J. -» ™ •« 
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Asp Ser Lya Gly Arg lie Thr Ser His Leu Ser Gly Leu Phe Tyr Arg 
50 55 60 

Thr He Asn Leu Met Glu Ala Gly lie Lys Pro Val Tyr Val Phe Asp 
65 70 75 80 

Gly Glu Pro Pro Lys Leu Lys Glu Lys Thr Arg Lys Val Arg Arg Glu 
85 90 95 

Met Lys Glu Lys Ala Glu Leu Lys Met Lys Glu Ala He Lys Lys Glu 
100 105 110 

Asp Phe Glu Glu Ala Ala Lys Tyr Ala Lys Arg Val Ser Tyr Leu Thr 
115 120 125 

Pro Lys Met Val Glu Asn Cys Lys Tyr Leu Leu Ser Leu Met Gly rie 
130 135 140 

Pro Tyr Val Glu Ala Pro Ser Glu Gly Glu Ala Gin Ala Ser Tyr Met 
145 ISO 155 160 

Ala Lys Lys Gly Aso Val Trp Ala Val Val Ser Gin Asp Tyr Asp Ala 
165 170 175 

Leu Leu Tyr Gly Ala Pro Arg Val Val Arg Asn Leu Thr Tor Thr Lys 
180 185 190 

Glu Met Pro Glu Leu He Glu Leu Asn Glu Val Leu Glu Asp Leu Arg 
195 200 205 

He Ser Leu Asp Ast> Leu He Asp He Ala He Phe Met Gly Thr Asp 
210 ~ * 215 220 

Tyr Asn Pro Gly Gly Val Lys Gly He Gly Phe Lys Arg Ala Tyr Glu 
225 230 235 240 

Leu Val Arg Ser Gly Val Ala Lys Asp Val Leu Lys Lys Glu Val Glu 
245 250 255 

Tyr Tyr Asp Glu He Lys Arg He Phe Lys Glu Pro Lys Val Thr Asp 
260 265 270 

Asn Tyr Ser Leu Ser Leu Lys Leu Pro Asp Lys Glu Gly He He Lys 
275 280 285 

Phe Leu Val Asp Glu Asn Asp Phe Asn Tyr Asp Arg Val Lys Lys His 
290 295 300 

Val Asp Lys Leu Tyr Asn Leu He Ala Asn Lys Thr Lys Gin Lys Thr 
305 310 315 -320 

Leu Asp Ala Trp Phe Lys 
325 



IB?'J#^- : 186 
SB^J0>££ : 332 75 
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Met Gly Val Pro lis Gly Glu lie He Pro Arg Lys Glu He Glu Leu 
1 5 10 " 15 

Glu Asn Leu Tyr Gly Lys Lys He Ala He Asp Ala Leu Asn Ala He 
20 25 30- 

Tyr Gin Phe Leu Ser Thr He Arg Gin Lys Asp Gly Thr Pro Leu Met 
35 40 45 

Asp Ser Lys Gly Arg lie Thr Ser His Leu Ser Gly Leu Phe Tyr Arg 
50 55 60 

Thr He Asn Leu Met Glu Ala Gly He Lys Pro Val Tyr Val Phe Asp 
65 70 75 80 

Gly Glu Pro Pro Glu Phe Lys Lys Lys Glu Leu Glu Lys Arg Arg Glu 
85 90 95 

Ala Arg Glu Glu Ala Glu Glu Lys Trp Arg Glu Ala Leu Glu Lys Gly 
100 105 110 

Glu He Glu Glu Ala Ala Lys Tyr Ala Lys Arg Val Ser Tyr Leu Thr 
115 120 125 

Pro Lys Met Val Glu Asn Cys Lys Tyr Leu Leu Ser Leu Met Gly He 
130 135 140 

Pro Tyr Val Glu Ala Pro Ser Glu Gly Glu Ala Gin Ala Ser Tyr Met 
145 150 155 160 

Ala Lys Lys Gly Asp Val Trp Ala Val Val Ser Gin Asp Tyr Asp Ala 
165 170 17S 

Leu Leu Tyr Gly Ala Pro Arg Val Val Arg Asa Leu Thr Thr Thr Lys 
180 185 190 

Glu Met Pro Glu Leu He Glu Leu Asn Glu Val Leu Glu Asp Leu Arg 
195 200 205 

He ser Leu Asp Asp Leu He Asp He Ala He Phe Met Gly Thr Asp 
210 215 220 

Tyr Asn Pro Gly Gly Val Lys Gly He Gly Phe Lys Arg Ala Tyr Glu 
225 230 235 240 

Leu Val Arg Ser Gly Val Ala Lys Asp Val Leu Lys Lys Glu Val Glu 
245 250 255 



Tyr Tyr Asp Glu He Lys Arg He Phe Lys Glu Pro Lys Val Thr Asp 
260 265 270 

Asn Tyr Ser Leu Ser Leu Lys Leu Pro Asp Lys Glu Gly He He Lys 
275 280 285 

Phe Leu Val Asp Glu Asn Asp Phe Asn Tyr Asp Arg Val Lys Lys His 
290 295 " 300 

Val Asp Lys Leu Tyr Asn Leu He Ala Asn Lys Thr Lys Gin Lys Thr 
30S 310 31S 320 

Leu Asp Ala Trp Phe Lys His His His His His His 

325 330 
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: 187 

en 

Met Gly Val Gin Phe Gly Asp Phe lie Pro Lys Asa lie lie Ser Phe 
1 5 10 15 

Glu Asp Leu Lys Gly Lys Lys Val Ala lie Asp Gly Met Asn -Ala Leu 
20 25 30 

Tyr Gin Phe Leu Thr Ser lie Arg Leu Arg Asp Gly Ser Pro Leu Arg 
35 40 * 45 

Asn Arg Lys Gly Glu lie Thr ser Ala Tyr Asn Gly Val Phe Tyr Lys 
50 55 60 

Thr lie His Leu Leu Glu Asn Asp lie Thr Pro lie Trp val Phe Asp 
65 70 75 80 

Gly Glu Pro Pro Lys Leu Lys Glu Lys Thr Arg Lys Val Arg Arg Glu 
B5 90 55 

Met Lys Glu Lys Ala Glu Leu Lys Met Lys Glu Ala He Lys Lys Glu 
100 105 110 

Asp Phe Glu Glu Ala Ala Lys Tyr Ala Lys Arg Val Ser Tyr Leu Thr 
115 120 125 

Pro Lys Met Val Glu Asn Cys Lys Tyr Leu Leu Ser Leu Met Gly He 
130 135 * 140 

Pro Tyr Val Glu Ala Pro Ser Glu Gly Glu Ala Gin Ala Ala Tyr Met 
145 150 155 160 

Ala Ala Lys Gly Ser Val Tyr Ala Ser Ala Ser Gin Asp Tyr Asp Ser 
165 170 175 

Leu Leu Phe Gly Ala Pro Arg Leu Val Arg Asn Leu Thr He Thr Gly 
180 1B5 190 

Lys Arg Lys Leu Pro Gly Lys Asn Val Tyr val Glu He Lys Pro Glu 
195 200 205 

Leu He He Leu Glu Glu Val Leu Lys Glu Leu Lys Leu Thr Arg Glu 
210 215 220 

Lys Leu He Glu Leu Ala He Leu Val Gly Thr Asp Tyr Asn Pro Gly 
225 230 235 240 

Gly He Lys Gly He Gly Leu Lys Lys Ala Leu Glu He Val Arg Hia 
245 250 255 

Ser Lye Asp Pro Leu Ala Lys Phe Gin Lys Gin Ser Asp Val Asp Leu 
260 265 270 
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Tyr Ala lie Lys Glu Phe Phe Leu Asn Pro Pro Val Thr Asp Asn Tyr 
275 280 2B5 

Asn Leu Val Trp Arg Asp Pro Asp Glu Glu Gly He Leu Lys Phe Leu 
290 235 300 

Cvs Asp Glu His Asp Phe Ser Glu Glu Arg Val Lys Asn Gly Leu Glu 
305 310 315 320 

Arq Leu Lys Lys Ala He Lys Ser Gly Lys Gin Ser Thr Leu Glu Ser 
3 325 330 335 

Trp Phe Lys Arg 
34 D 
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tin 

Met Glv Val Pro He Gly Glu He He Pro Arg Lys Glu He Glu Leu 

Glu Asn Leu Tyr 'Gly Lys Lys He Ala He Asp Ala Leu Asn Ala He 
20 25 30 

Tyr Gin Phe Leu Ser Thr He Arg Gin Lys Asp Gly Thr Pro Leu Met 
35 40 4S 

Asp Ser Lys Gly Arg He Thr Ser His Leu Ser Gly Leu Phe Tyr Arg 
50 55 60 

Thr He Asn Leu Met Glu Ala Gly He Lys Pro Val Tyr Val Phe Asp 
65 70 75 80 

Glv Glu Pro Pro Glu Phe Lys Lys Lys Glu Leu Glu Lys Arg Arg Glu 
B5 90 95 

Ala Arg Glu Glu Ala Glu Glu Lys Trp Arg Glu Ala Leu Glu Lys Gly 
LOO 105 HO 

Glu He Glu Glu Ala Arg Lys Tyr Ala Gin Arg Ala Thr Arg Val Asn 
115 120 125 

Glu Met Leu He Glu Asp Ala Lys Lys Leu Leu Glu Leu Met Gly He 
130 135 140 

Pro He Val Gin Ala Pro Ser Glu Gly Glu Ala Gin Ala Ser Tyr Met 
145 150 155 ISO 

Ala Lys Lys Gly Asp Val Trp Ala Val Val Ser Gin Asp Tyr Asp Ala 
165 l" 70 175 

Leu Leu Tyr Gly Ala Pro Arg Val Val Arg Asn Leu Thr Thr Thr Lys 
180 185 190 
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Glu Met Pro Glu Leu He Glu Leu Asn Glu Val Leu Glu Asp Leu Arg 

X95 200 205 

lie ser Leu Asp Asp Leu lie Asp He Ala lie Phe Met Gly Thr .Asp 

210 215 220 

Tvr Asn Pro Gly Gly val Lys Gly He Gly Phe Lys Arg Ala Tyr Glu 

225 230 235 240 

Leu Val Arg Ser Gly Val Ala Lys Asp Val Leu Lys Lys Glu Val Glu 

245 - 250 255 

Tyr Tyr Asp Glu lie Lys Ars He Phe Lys Glu Pro Lys Val Thr Asp 
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Asn Tyr Ser Leu Ser Leu Lys Leu Pro Asp Lys Glu Gly He He Lys 
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Phe Leu val Asp Glu Asn Asp Phe Asn Tyr Asp Arg Val Lys Lys His 
290 295 300 
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305 
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Leu Asp Ala Trp Phe Lys 
325 
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